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INTRODUCTION

ABSTRACT

This user guide introduces one to the use of "SUBSTRC," a
finite element computer program for static analysis of nonlinear
structures. It describes the input data format; and it demon-
strates the use of several data generating programs. It also
shows sample "SUBSTRC" output and the use of several programs
to display the analysis results graphically.

ADMINISTRATIVE INFORMATION

This documentation was funded by SSBN Systems Technology Program Task 22234:

"XARCSTRUC Documentation," Work Unit 1720-634.

CHAPTER 1

INTRODUCTION

"SUBSTRC" is a Fortran, substructure, finite element program for nonlinear

analysis of static structures. It contains a library of elements which may be used

in combination to effect the analysis of a structure. Several types of tying con-

straints are available, allowing different element types to be tied together as well

as permitting the imposition of displacement constraints.

Elastic-plastic and large displacement analysis is performed in a series of

piece-wise linear increments. The formulations from both references {MARCVOLV}
I*

and tJONES73} are selectable.

The hardware configuration to run "SUBSTRC" is detailed in {POLICY}.

1.1 USER PREREQUISITES

A Finite Element Method (FEM4) Computer Program for nonlinear analysis such as

"SUBSTRC" cannot be approached casually. We recommend that a user be well grounded

in his knowledge of the physical behavior of real structures so that "impossible"

answers from a program are recognized as impossible. We recommend that a user be

familiar with the FEM program he is using: this includes knowledge of the accuracy,

the applicability, and the idiosyncrasies of the program. These may be gained by

vxperience, which should be garnered from the running of "small" test cases. We

*References are enclosed in braces {and}. A complete listing of references

i,; given in Chapter 15.
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HARDWARE AND SOFTWARE REQUIREMENTS

recommend that a user be familiar with the computer system he is using: this in-

cludes knowledge of the accuracy and the idiosyncrasies of both the hardware and

software. Reliable descriptions of the machine accuracy can usually be obtained

from the manufacturer's documentation. The system software changes quite frequently,

and it is good to have a local expert to explain, in your terms, the latest changes

and their effects.

1.2 HARDWARE AND SOFTWARE REQUIREMENTS

"SUBSTRC" is a large program that executes on the Control Data Corporation 6000

series computers detailed in {POLICY}. At the time of this writing, the David W.

'aylor Naval Ship Research and Development Center (DTNSRDC) CDC 6000 machines are

using the "NOS/BE" operating system.

Effective FEM analysis is usually recognized as a three part sequence: pre-

analysis, analysis, and post-analysis. The pre-analysis stage consists of preparing

and manipulating the input data to the analysis program, and the post-analysis stage

attempts to answer the question, "what did we get?" Although the pre-analysis stage

could be completely done with punched cards, and the post-analysis stage could be

done by visually scanning the analysis printout, there are better ways.

The fastest way to complete the pre-analysis stage is through the use of as

much of the computer as possible. Interactive use of an editor (such as "NETED"

iNETED}) will speed production of data card images. Other simple programs are easily

written to speed input preparation. Pictures of the struture to be analyzed are no

longer a luxury; they are required. These are most easily generated with interactive

graphics programs such as "STAGING" {STAGINREF}. Programs for specific use with

"SUBSTRC," "MARCCDC," and "TRAINS" are documented in this report. They include:

" "BEAMX" to generate coordinates for open section beam elements.

" "CM" to determine the central memory required by "SUBSTRC."

" "SHELLX" to generate coordinates for doubly curved isoparametric shell

elements.

" "STON" to convert "SUBSTRC" format data to NASTRAN format data for use of

NASTRAN developed software.

2
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S"WABS" to prepare the intermediate file -,EWIN> for "SUBSTRC."

"SUBSTRC" stands by itself as the analysis component of the FEM system.

However, several procedures are helpful to nonlinear analysis. These include:

"HOLD" to preserve the results of a nonlinear analysis step.

"RESTART" to set up the operating system for continued analysis of a

nonlinear problem.

The post analysis phase also requires interactive use of the computer for

effectiveness. System editors allow scanning of the output files to search for

desired items quickly. Pictures, again, are not a luxury; they are required for

visualization of the behavior of the mathematical model of the structure. Programs

for this purpose are documented in this report. They include:

"ADTOC" to add displacements to the original coordinates (and hence permit

display of a displaced structural model).

• "DFLSIFT" to enable editing of the "SUBSTRC" displacement output file (and

hence select areas of interest for display).

* "REVISE" to enable cheap revision of the restart files.

"STRSIFT" to enable editing of the "SUBSTRC" stress output file (and hence

select areas of interest for display).

"CRUMBLE," a procedure to break a file apart for easy display.

1.3 ORGANIZATION OF THIS REPORT

It is indeed unfortunate that the information needed to pursue structural

analysis on a computer cannot be presented to a new user sequentially but must pro-

ceed across a rather broad technical spectrum. Hence, we first include a list of

all the elements in the "SUBSTRC" library, with the idea that the elemental modeling

capabilities of the program are of immediate interest. This is followed by "a

simple example," making use of several of the auxiliary programs. When you read

this chapter, take some of the things that you don't understand on faith until you

can read the documentation for these programs. If questions remain (or even

increase!) after reading these other chapters, experiment by executing the programs

in question with FEM data characterizing the problem.

3
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Following "a simple example" alphabetically are the documents describing the

software. Perhaps the best place to begin reading is Chapter 13: "WABS" (the name

derives from Program W, Absolute Load). Then try Chapter 10: "SHELLX," the pro-

gram which produces coordinates for triangular and quadrilateral shell elements

8 and 20 respectively. Others may be read as necessary.

While writing this book, I discovered that it would simplify things considerably

if each chapter had page numbers commencing from 1. Because each chapter (save the

element library) also contains the title of the chapter a the top of each page, I

felt this would also be a satisfactory arrangement for the reader.

4
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ELEMENT LIBRARY

THE ELtIHiNT LIBRARY GONTAINS cLEMENTS WHICH DATE FROM THE
ORIGIN OF THE fRA&CCDCf COMPUTER PROGRAM UP THRU VERSION *He

OF THAT CODE. ELEMENT 20. 4OWEVER. WAS DEVELOPED AT THE
DAVID TAYLOR NSR+DC BY JONES FOR THE ANALUSIS OF DOUSLY
CURVED THIN SHELLS, THE FOLLOWING IS A BRIEF DESCRIPTION OF
THE ELEMENTS IN THE "SUBSTRC e LIBRARY* FOR MORE DETAILS,
CONSULT THE APPROFRIATE REFERENCES.

i. TWO NODE AXISYMMETRIC SHELL. THIS ELEMENT IS AN
AKISYMMETRIC THIN SHELL ASSEMBLED Is LOCAL
OOROIINATES WdICH IS THEN ROTATED INTO THE GLORAL

sYvIEM. ITS DEVELOPMENT IS DETAILED IN (KOJASTEH),
AND DETAILS OF ITS USE ARE SPECIFIED IN CNARCVOLII.
IF POSSIBLE* USE ELEMENT 15 INSTEAD.

2o AXISYNMETRIC TRIANGULAR RING* THIS ELEMENT IS AN
AXISYMMETRIC SOLID EOOY OF REVOLUTION ELEMENT 10
IS A BETTER ELEMENT, AND SHOULD BE USED, IF
IOSSIBLE° ITS STIFFNESS IS FORMED IN LOCAi
(OORCINATES AND THEN ROTATED INTO THE GLOBAL
SYSTEM* DEVELOPMENT DETAILS ARE GIVEN IN (CLOUGH)
AND DETAILS OF ITS USE ARE SPECIFIED IN CNARCVOLI)

3a PLANE STRESS QUADRILATERAL. THIS IS A FOUR NODE
ISOPARAMETRIC QUADRILATERAL ELEMENT. THE ELFMEN!
IS F RMEGi BY A MAPPING FROM THE X-Y PLANE TO THE
G-H PLANE. THE STIFFNESS IS FORMED RY 2 X 2
GAUSSIAN INTEGRATION. DEVELOPMENT DETAILS ARE
GIVEN IN (ZLIENKIEWICZ} AND DETAILS OF ITS USE AZE
SPECIFIED IN (MARCVOLIJ.

4. VACANT.

5. BEAM COLUMN. THIS ELEMENT IS A STRAIGHT. TWO-NODE,
RECTANGULAR SECTION BEAM-COLUMN ELEMENT. ELEMEN7
16 IS THE BETTER ELEMENT, AND SHOULD BE USED IF
POSSIBLE. DEVELOPMENT DETAILS ARE GIVEN IN
(ZIENRIEWICZ) AND DETAILS OF ITS USE ARE SPECIFIED
IN (MARCVOLIJ.

6a TWi DIMENSIONAL PLANE STRAIN TRIANGLE. THIS
ELEMENT IS THE CONSTANT STRESS (PLANE STRAIN)
TRIANGLE BASED ON LINEAR DISPLACEMENT ASSUMPTIONS.
IF POSSIBLE. ELEMENT It SHOULD BE USED. AS rT IS
IH&E BETTkR ELEMENT. DEVELOPMENT DETAILS ARE GIVEN
IN CZIENKIENI CZ) AND DETAILS OF ITS USE ARE
SPECIFIED IN {MARCVOLI)}

7. THREE OTIENSIONAL dRICK, THIS IS AN EIGHT NODE

6



ELEMENT LIBRARY

ISOPARANEIRIC ELtMENT. ETTER RESPONSE is oar1INED
FRJM ELENENT 219 HOWEVE49 WHICH SHOULO BE USED. IF
FOSSIBLE. DEVELOPMENT DETAILS ARE GIVEN IN
(ZIEhNKIENICZ) AND DETAILS OF ITS USE ARE SPECIFIED
IN (PARCOL1)

8. LUUBLY CURVED TRIANGULAR SHELL THIS ELEMENT IS AN%
ILPARAMETRIC DOUBLY CURVED TRIANGULAR SHELL
tLLMENT BASLO ON THE KOITER-SANDERS SHELL THEORY.
THIS iL/IENT FULFILLS ALL CONTINUITY REQUIREMENTS
ANJ REPRLSENTS 41GID BODY MOTIONS EXACTLY.
LL cLOPME4T DETAILS ARE GIVEN IN (DUPUISV ANS
u&TAILS OF ITS USE ARE SPECIFIED IN (MARCVOLI1.

9. Th .E DIMENSIONAL TRUSS* THIS ELEMENT IS THE
ZIrIPLE LINEAR STRAIGHT TRUSS WITH CONSTANT CROSS
SLCrION. TiE STRAIN-0ISPLACEMENT RELATIONS ARE
WRITIIEN FOR LARGE STRAIN, LARGE OISWLACTENT
ANALYSIS. DEVELOPMLNT DETAILS ARE GIVEN IN
(ZIZhKIEWICZ) AND OtTAILS OF ITS USE ARE SPECIFIED
iN (MARCVOLII}

1u. QUADRILATERAL AXISVYMMTRIC RING. THIS ELEMENT IS
TIHL SAME FORMULATION AS ELEMENT 3, WRITTEN FOR
hXISYMME TIC GEONTRYo IT IS AN ARRIRAR Y
AXISYMMEIRIC QUADRILATERALLY SHAPED RING SOLID,
DEVELOPMENT OETAILS ARE GIVEN IN (ZIENKIEWICZI AN[
ULTAILS UF ITS USE AkE SPECIFIED IN (MARCVOLt).

11. UUADRILATRAL PLANE STRAIN. THIS ELEIENT IS THE
,AML FORMULATIOJN AS LLLMENTS 3 AND 10, WRITTEN FOR

PLANE STRAIN. OEVcLOPMENT DETAILS ARE GIVEN IN
(ZIrNKICEWIC}l AND DETAILS OF ITS USE ARE SPE'.WFIED
IN (PARGVOL1).

12. VAGANT,

1.$o GPLN SE.TION THIN WALL BEAN* THIS ELEMENT TS AN
UPLN SECrTI ON, URVLO, THIN WALL AEAM REAM OF
AkdLITRARY SECTION, THE GEOMETRY IS INTFRPOLATED
CUdICALLY F. ZM .O'UOINATL AND DIRECTOR INFORMATION
AT TWO NODES. DEVELOF14ENT DETAILS AGE GIVFN Ilk
(VLASOV) AND DETAILS OF ITS USE ARE SPECIFIED) IN
(MARGVOL1),

1t. 4LJ ED St[;IUN 8LAN IN TtOREL OIMENSIONS. THIS IS A
SIIPLE LLOSEJ SoCETION STRAIGHT BEAM ELEMENT WITH NO
,ARPING CF THE SLCTI0N, BUT INCLUDING iWIS.T THOF
ULFAULT CROSS SECTION IS A THIN WALLED CIRCULAS

7
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CYLINDER: THE UaER MAY SPECIFY ALTERNATVE :ROSS
SECTIONS THROUGH THE USE OF SUBROUTINE 0CSECTo@
LEVELOPMENT DETAILS ARE GIVEN IN (VLASOVIt ANC
GETAILS OF ITS USE ARE SPECIFIED IN (MARCVOLI).

15. AXISYMMiTRIC ISOPARAMETRIC SHELL. THIS ELEMENT IS
A TWO NODE. AXISYMMETRIC THIN SHELL ELEMENT WETH A
LU3IC DISPLACEMENT ASSUMPTION BASED ON THE GLOBAL
DISPLACE ENTS AND THEIR DERIVATIVES WITH RESPErT TO
UIISTANCE MrLASUREO ALONG THE SHELL. THIE STRAIN
DISFLAGEMENT RELATIONS ARE SUITABLE FOR LARGE
UISPLACE*ENTS WITH SMALL STRAINS. THE STRESS
STRAIN RELATICNSHIP IS INTEGRATED THRUUGH THE
IHICKNESS BY AN I-POINT SIMPSONOS RULE, THE FIRST
AND LAST POINTS BEING ON THE SURFACE. FIVE POINT
GAUSSIAN INTEGRATION IS USED ALONG THE ELEIqENT*
bETAILS OF ITS USE ARE SPECIFIED IN (NARCVOLI).

Ia. ISJFARAMETRIC CURVED 2-0 BEAM. THIS ELEMENT IS A
TWO NODE, ISOPARAMETRIC CURVED BEAM WITH A CURIC
UISPLACEMENT ASSUMPTION BASED ON THE GLORAL
OIsPLACELENTS AND ILIR DERIVATIVES WITH RFSPEtT TO
DISTANCE MEASURED ALONG THE BEAN. THE STRAIN
DISPLACE lENT RELATIONS ARE SUITABLE FOR LARGE
6iPLACEMENTS WITH SMALL STRAINS. THE STRESS
SIRAIN RELATICNSHIP IS INTEGRATED THROUGH THE
THICKNESS BY AN 11-POINT SIMPSON'S RULE, THE FIRST
AND LAST POINTS BEING ON THE SURFACE. FIVE POINT
GAUSSIAN INTEGRATION IS USED ALONG THE ELEMENT,
THE DEFAULT CROSS SECTION IS A SOLID RECTANGLE.
DETAILS OF ITS USE ARE SPECIFIED IN CMARCVOLII,

17. VACANIT,

i&, FOUR NODE ISOPARAMETAIC MEMBRANE. THIS ELFHENU IS
A FOUR NODE MEMBRANE ELEMENT IN THREE SPACE. BASED
ON THE FIRST ORGER ISOPARAMETRIC FORMULATION. THE
cL ei NT IS SENSITI*E TO SEVERE DISUORTION: A
RECTANGULAR MESH IS RECO"MENDED. DETAILS OF ITS
USE ARE SPECIFIED IN (MARCVOLI)

1 . GENERALIZED PLANE STRAIN QUADRILATERAL. THIS
kL- ENT IS AN EXTENSION OF THE PLANF STRAIN
ISJPARAMtTRIG qUADRILATERAL (ELEMENT 11
GE cRALIZEO TO THE PLANE STRAIN CASE. THE
GENERALIZED PLANE STRAIN CONDITION IS OBTAINFD BY
ALLOWING TWO EXTRA NODES IN EACH ELEMENT. DFFIAILS
UF ITS USt ARE SPECIFIED IN (MARCVOLil.

8
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2'. IUOUBLY CURVED QUADRILATERAL SHELL. THIS ELEMENT IS
AN EXTENSION OF THE TRIANGULAR DOUBLY CURVEO SHELL

IELEMENT 8). IT IS AN ISOPARAMETRIC DOUBLY CUEVED
QUADFILATERAL ELEMENT BASED ON THE KOITER-SA4DERS
SHELL THEORY. THIS ELEMENT FULFILLS ALL CONTINUITY
REJUIREMENTS AND REPRESENTS RIGID BODY MOri'ONS
EXACTLY* DEVELOPMENT DETAILS ARE GIVEN IN
(JONES77} AND DETAILS OF ITS USE ARE SPECIFIED IN

(HARCVOL1}°

21a THREE DIMENSIONAL 20-NODE BRICK. THIS ELEMENT IS

AN ISOPARAMETRIC THREE DIMENSIONAL BRICK. EACH

dig- FORMS A PARABOLA9 SO THAT 8 MODES DEFINE THE
CORNERS OF THE ELEMENT AND A FURTHER 12 NOGES
UEFINE THE POSITION OF THE MIOSIDE NODES. THIS

ELEMENT IS A RAPIJLY CONVERGING ELEMENT FOR THREE
6IMENSIONAL ANALYSIS. DETAILS OF ITS USF ARE
SPrCIFIEO IN (MARCVOL1)}

9
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A SIMPLE EXAMPLE

INTRODUCTION

3.1 INTRODUCTION

HERE WE PROCEED FROM THE GLEAm IN THE EYE TO THE
NUMBERS CONING OUT OF 'SUBSTRCo WE START WITH
CONSIDERATION OF A (TRIVIAL) MATHEMATICAL MODEL. WE
THEN GENERATE THE GRIOPOINT COORDINATES WITH TWO OF THE
AUXILIARY PROGRAMS. THESE ARE MERGED INTO A FILE OF
DATA INPUT TO IWABS#* WABS ANALYZES THE DATA FOR
ERRORS. WHEN ERROR-FREE DATA ARE INPUT, OR THE
fGOERRORS# FLAG IS SET, WABS PRODUCES THE 44EWIN> FILE.
tNEWIMN> CAN BE USED FOR PROCESSING WITH PLOTTERS
(THROUG4 fSTON0) IF DESIRED: EVENTUALLY, IT IS PASSED AS
INPUT T3 ISUBSTRC0. SUBSTRC THEN ANALYZES THE MODEL -
PRODUCES A DEFLECTION AND STRESS OUTPUT FILE.

THIS CHAPTER IS THE MOST 'DATED' OF ANY OF THE
PARTS 3F THIS BOOK FOR THE SIMPLE REASON THAT IT
DESCRIBES WAYS TO USE PARTS OF THE CDC OPERATING SYSTEM
AT OTMSRDC. OUR OPERATING SYSTEM (NOS/BE 1) IS UPGRADED
AT IRREGULAR INTERVALS WITH fIMPROVEMENTS' WHICH CHANGE
CURRENT PRACTICE ONLY INCREMENTALLY. THE CUMULATIVE
PROCESS IS NON-LINEAR AND SIGNIFICANT; WHAT WORKS TODAY
MAY NOT (READs PROBABLY NOT) WORK A YEAR FROM NOW. IF
THIS INDEED OCCURS, CONTACT DTNSROC CODE 189Z
(COMPUTATION, MATHEMATICS AND 'LOGISTICS DEPARTMENTS
USERS@ SERVICES).

IN RE THE FIGURES ASSOCIATED WITH THIS CHAPTERI
NOTE T4AT INPUT AND OUTPUT FILES FRO4 VARIOUS PROGRAMS
ARE PRESENTED. DUE TO LIMITATIONS OF THE PRINTER USED
TO PRODUCE THIS DOCUMENT, ONLY THE FIRST 132 COLUMNS OF
THESE FILES ARE DISPLAYED.

3.2 MATHEMATICAL MODEL

3.2.1 P4YSICAL DATA

WE CHOOSE TO MODEL A RIGHT CIRCULAR CYLINDER OF
RADIUS 61*625 INCHES AND THICKNESS o.6 INCH. THE
CYLINDER IS STIFFENED WITH T-FRAMES OF DIMENSIONS SHOWN
IN FIGURE 3.1. THE FRAMES ARE LOCATED ATS THE HALF

13
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LENGTH OF THE CYLINDER* AND AT INTERVALS OF 11.0 INCHES
IN BOTH DIRECTION THEREFRON. THE CYLINDER IS MADE OF
STEEL (YOUNGOS MODULUS a 3EOT PSI$ POISSONOS
RATIO a 1*31, TOTAL LENGTH OF THE CYLINDER IS 69.0
INCHES, THE CYLINDER IS EXPECTED TO DEFORM
AXISVNMETRICALLYv AND SYMMETRICALLY ABOUT ITS HALF
LENGTH*

3.2.Z MODELING CONSIDERATIONS

WE CAN MODEL HALF THE STRUCTURAL LENGTH DUE TO
SYMMETRY AT THE HALF LENGTH. WE EXPECT AXISYMMETRIC
BEHAVIOR, SO WE CAN MODEL I QUADRANT OF THE SHELL WITH A
SINGLE CURVED SHELL QUADRILATERAL ELEMENT. THIS ALLOWS
EASY APPLICATION OF BOUNDARY CONDITIONS. END LOADING
WILL BE MODELED BY THE APPLICATION OF TWO POINT LOADS.
WE ARBITRARILY CHOOSE TO MODEL THE STRUCTURE WITH 2
SUBSTRUCTURES (THERE MUST BE AT LEAST 2 SUBSTRUCTURES,
AND EACH SUBSTRUCTURE MUST HAVE AT LEAST 1 INTERNAL
NODES.

A SKETCH OF THE MODEL IS SHOWN IN FIGURE 3.2.

14



A SIMPLE EXAMPLE
INPUT TO OWABS

3.3 INPUT TO OWABS

3.3.L SHELL ELEMENT COORDINATES

WE SHALL GENERATE THE COORDI4AT-S FOR EACH
SUBSTRUCTURE SEPARATELY*

AN EASY WAY TO GENERATE COORDINATES IS
INTERACTIVELY fIT IS ASSUMED HERE THAT YOU HAVE AN
ACTIVE INTERCOM ACCOUNT ON THE OTNSRDC COMPUTER
SYSTENS). PROCEED THRU THE LOGIN PROCEDURE AS OUTLINED
IN (CCRNI)

1. TURN THE TERMINAL ON, SETTING THE APPROPRIATE
SWITCHES FOR THE TERMINAL YOU ARE USING.

Zo DIAL THE COMPUTER NUMBER APPROPRIATE TO THE
SPEED OF THE TELEPHONE LINE YOU ARE USING.

3. WHEN COMMUNICATIONS HAVE BEEN ESTABLISHE0, THE
COMPUTER WILL RESPOND WITH A GREETING WHICH
APPEARS LIKEI

NSRDC 6X00 INTERCOM V XoY
DATE MM/DDYY
TIME HH.MM.SS

YOU THEN TYPE$

LOGIN, YOURIO<CR>
XXXXXXXKXX<CR> ENTER ACCESS NUMBER

HERE WE EMPLOY OCCR>- TO INDICATE A CARRIAGE
RETURNs YOU NEED TYPE ONLY THOSE LINES WHICH
END WITH '<CR>Wl ALL OTHERS ARE PRINTED BY THE
SYSTEM.
WHEN THIS HAS BEEN CORRECTLY COMPLETED, THE
INTERCOM PROMPT IS DISPLAYED$

CON4AND-

15



A SIMPLE EXAMPLE
INPUT TO OWABS - SHELL ELEMENT COORDINATES

WE ASSUME FROM THIS POINT IN THE CHAPTER, THAT YOU WILL
REPLY TO THE INTERCOM SYSTEM ONLY AT THE POINTS
IMMEDIATELY FOLLOWING THE INTERCOM PROIPT ICOMMAND-".
THUS, FOR EXAMPLE, IN THE COMMIUMICATION8

COMMAND- SHELLX.<CR>
END SHELLX
e192 CP SECON3S EXECUTION

COMMAND-

THE ONLY CHARACTERS TYPED BY YOU ARE @S, , E#9 #Log
8L*9 OX', AND <CR>, ALL OTHER CHARACTERS ARE INTERCOM
RESPONSES*

WE WANT TO GENERATE THE COORDINATES USING THE
PROGRAM "SHELLX* BY USING THE FAST TEXT EDITING PROGRAM
#NETED@ (NETED). SO,

COMMAND- ATTACHNETEODcCR)
PFN IS NETED
PF CYLE NO* 001

COMMAND-

NOW THAT METED IS AVAILABLE, WE CAN BEGIN.

COMMAND- NETEDA<CR' (' STARTS NETED #1
--CERL-BKY-NETED X.Y
A EMPTY. INPUT.

NOTEI

e TEXT ENCLOSED IN 1('# AND *10 ARE BRIEF COMMENTS
ON THE ACTION TYPED ON THAT LINE.

W WHEN YOU ARE EDITING METED PROVIDES ONE OF TWO
PROMPTS$ lI> TO INDICATE THAT AN INPUT LINE IS
EXPECTED, AND 'E>o TO INDICATE THAT AN EDITING
COMMAND IS EXPECTED. IN A MANNER SIMILAR TO
EXECUTION OF COMMANDS IN INTERCOM, YOU ARE NOT
EXPECTED TO TYPE EITHER OF THESE PROMPTS YOURSELF:
THEY ARE INCLUDED TO ILLUSTRATE SYSTEM BE4AVIOR.

WE PRO:EED TO ENTER EACH LIKE OF INPUT FOR THE PROGRAM
@SHELLX0l

Io CYLINDER<CR>
Iw t 0 0 61,625cCR>
Is Z 90CRa
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A SIMPLE EXAMPLE
INPUT TO OWASSO - SHELL ELEMENT COORDINATES

I v 3 0 6.CR)
I* k 90cCRD
Ip 5 0 17.CR-
13 6 90cCR.
1 .cCR*
E,

THE SOLITARY DOT (o) ON THE LAST LINE SIGNALS ONETED'
TO LEAVE THE INPUT NODE AND ENTER THE EDIT MODE. SINCE
THE DATA APPEAR CORRECT. WE SAVE THE FILE BYS

E* SAVECCR>
A WRITTEN 2' NETED RESPONSE *)
COMMAND-

WE ARE NOW OUT OF NETED AND BACK INTO INTERCOM. WE WANT
TO GET tE PROGRAM fSHELLX# TO OPERATE ON THE INPUT FILE
4A>, T4IS IS DONE WITHI

COMMAND- ATTACH, SHELLX, I0zCSPRcCRv
PFM IS SHELLX
PF CYCLE NO. = 000

COMMAND-

NOW, WE HAVE 2 PROGRAMS TO WORK WITH$ ONETEOf AND
ISHELLX09 TO EXECUTE SHELLX, WE TYPEI

COMMAND- SHELLXcCR>
END SHELLX
.192 CP SECONDS EXECUTION TIME

COMMAND-

TO SHOW WHAT FILES EXIST AT OUR TERMINAL, WE 001

COMMAND- FILES4CR>
--LOCAL FILES--
*METED wSHELLX A B OUTPUT

COMMAND-

WE NOW 4AVE SEVERAL OPTIONSo

1. OUTPUT CAN BE SCANNED AT THE TERMINAL USING
ONETEDI OR *PAGE@ (PAGE), OR, IT CAN BE SIMPLY
COPIED TO THE TERMINAL USING ONE OF THE SYSTEM
COPY UTILITIES (#COPYE* IS PROBABLY THE
FASTEST)* ALTERNATIVELY, IT CAN BE ROUTED TO A
PRINTER (CCRM. WE OPT FOR tHIS, AND SHOW THE
OUTPUT PRODUCED BY THE XEROX PRINTER AT OTNSROC
IN FIGURE 3.3.
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A SIMPLE EXAMPLE
INPUT T3 *WASS* - SHELL ELEMENT COORDINATES

2. FILE 486 CAN BE ROUTED TO A PUNCH, AND CARDS
MADE OF THIS FILE* HOWEVER. IT IS EASIER TO
STORE t(3, AS A PERMANENT FILE FOR ACCESS LATER,
WHEN WE WILL MERGE IT WITH OTHER INPUT DATA.
THIS IS DONE BYS

COMMAND- CATALOGBASEXYZSUBiID=YOUR4CR-
INITIAL CATALOG
RP = 030 DAYS
Cr 10= YOUR PFN=-ASEXYZSUB1
CT CY= 001 08000003 PRUS 5009000 fDAY

COMMAND-

NOW WE NEED THE COORDINATES FOR SUBSTRUCTURE 2.
THIS MAY BE EASILY ACCOMPLISHED By MODIFYING THE EXTANT
FILE 010 SUCR THAT THE Z COORDINATES APPLY TO THE SECOND
SUBSTRUCTURE. THIS CONVERSATION PROCEEDS AS FOLLOWS I

COMIANO- UNLOAOB4CR (' REMOVE OLD 48s,)
COMMAND- NETEOAe
--CERL-SKY-NETED X.Y
EDIT.
ED L i<CR ( LOCATE THE FIRST 01 *)
I10 0 61#625 (~NETED ECHO Of
Ev R 1 0 17.0 6i.6254CR £ REPLACE THAT LINE *1
Ev L 6ocCRx (w LOCATE 16.* ')
3 1 6o
E* C f6sf2S./cCR (' CHANGE 06of 01
3 3 26.
E* C /17/39/S<CR3- 4' ALL 117 TO '390 #1
5 a 39.
cBOTTOM OF FILE'
Eb SAVE4CRRo
A WRITTEN
COM4AND-

NOW WE ARE BACK INTO INTERCOM READY TO RUJN fSHELLX#
AGAIN wirHI

COMMAND- SHELLXtCR*
END SHELLX
.191 CP SECONDS EXECUTION TIME

CONMAND-

WE CATALOG THIS FILE 483 AS OASEXYZSUB20
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A SIMPLE EXAMPLE

INPUT TO OWABS - BEAM ELEMENT COORDINATES

3.3.2 3EAN ELEMENT COORDINATES

IN A SIMILAR MANNER9 ME GENERATE THE INPUT FILE TO

'BEAMX' USING NETED, AND EXECUTE BEANX FROM THE

TERMINAL. ME CATALOG THE DATA FILES FROM BEAMX AS

fASE9EAIKYZSUi8 AND 'ASEBEAMXYZSUB20o FIGURE 3.4 SHOWS

THE INPUT TO IBEANXI FOR SUBSTRUCTURE 1, AND FIGURE 3.5

SNOWS THE OUTPUT FOR THIS SUBSTRUCTURE. THE FILES FOR

SUBSTRUCTURE 2 ARE SIMILAR, AND ARE NOT S4OWN HERE.

3.3.3 OTHER DATA

ALL OF THE OTHER DATA REQUIRED FOR #WABS CAN BE

ASSEMBLED FROM THE TERMINAL BY MERELY TYPING IN THE

REQUIRED CHARACTERSe LETS ASSUME WE HAVE ALL THE OTHER
DATA ON A FILE CALLED tOTHER,- AND WE HAVE MARKED THE

PLACES WHERE THE SHELL AND BEAM COORDINATES ARE TO BE
INSERTED WITH LINES AS FOLLOWSs

0
a
COORDINATES
20

OXYE2OSUBI
COORDINATES
13
UXYZ13SUt1
a
I

COORDINATES
20
*XYZ2OSUBZ
COOROINATES
13
LXVZ13SJ92

NOW WE NEED THE FILES OF COORDINATES WE MADE EARLIER.

SO,
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A SIMPLE EXAMPLE
INPUT To OWASS' - OTHER DATA

COMMAND- ATTACHX201,ASEXYZSUB1,D=YOUR CR >
PF CYCLE NO. z 001

COMMAND- ATTACHX202,ASEXYZSU8ZIDzYOUR<CR-
PF CYCLE NO. = 001
COMMAND- ATTACHoX1319ASEXYZBEANSUBLoID=YQUR<CR-
PF CYCLE NO. z 00
COMMAND- ATTACHX132,ASEXVZBEAMSU82,IDzYOUR<CR>
PF CYCLE NO. z 001
COMMAND- NETEOOTHERgCR>
--CERL-SKY NETED XY
EDIT.
E2 F ' C' FIND THE FIRST *, '3
*Xyz2OSiB1 ' METED ECHO *)
E2 0 (6 DELETE THIS MARKER '3
E1 N X20i (0 MERGE COORDINATES ')
X21L MERGED.
ED F (' FIND THE NEXT 0*0 '3
*XY120SUB2
E3 D (' DELETE THIS MARKER 4'
Eb M EZOX 20 MERGE AGAIN 'I
x212 MERGED.
E3 T ' GO TO TOP OF FILE ')
TOP OF FILEs
ED F L (' FIND THE FIRST t'3
tXfZ13SDB1
ER* 0 DELETE '1
ED i Xlii C' AND MERGE ')
Xilt MERGED.
E>, F C' FIND THE NEXT 0& '
kXYZL3SU82
E) 0 ('ETC '3
E) N X132
ES MERGED.
ER. SAVE DATA
DATA WRITTEN.
COH4AND-

NOW WE HAVE A COMPLETE SET OF DATA READY FOR OWAGSO
WHICH WE WANT TO PRESERVE ON A PERMANENT FILE SOMEWHERE
SO WE CAN CHANGE IT LATER (IF NECESSARYI, OR SO HE CAN
INCLUDE IT IN A REPORT (LIKE THIS ONE), OR SO WE CAN USE
IT WITHOUT HAVING TO READ THE FILE LATER FROM CARDS
(SAVES tREES AND AVOIDS MALFUNCTIONING CAROREADERS1, OR
SO WE DONT LOSE THE FILE IF THE COMPUTER SHOULD DIE (A
RARE OCCURRENCE, BUT A POSSIBILITY),

20



A SIMPLE EXAMPLE
INPUT TO OWASSO - OTHER DATA

WE CATALOG THIS FILE AS #ASEWABSI4PUTO* FIGURE 3.6
SHOWS TuS FILE.

3.4 WASS EXECUTION

WABS WAS DESIGNED TO EXECUTE IN A SMALL AMOUNT OF
CENTRAL STORAGE SO THAT IT COULD BE RUN BOTH
INTERACTIVELY AND BATCHLY. THE INTERACTIVE ENVIRONMENT
IS MORE INTENSE, IN THAT THE RESPONSE IS FAST ENOUGH TO
EXECUTE A PROGRAM WHILE THE CHARACTERISTICS OF THE
THINGS YOU ARE WORKING WITH ARE FRESH IN YOUR MIND. IT
IS PROBABLY IMPOSSIBLE TO SHOW THIS ENVIRONMENT ON A
PRINTED PAGE, SINCE THE TIME DIMENSION IS COMPLETELY
LACKING* HOWEVER. THE USE OF INTERACTIVE TOOLS TO
EXAMINE FILES (SEE (PAGE) AND (NETED)l ARE SO POWERFUL
THAT IT IS WORTH SPENDING SOME TIME TRYING TO GIVE THE
FLAVOR OF THE OPERATION. NOTE THAT INTERACTIVE USE
COMPLETELY ELIMINATES WAITING IN QUEUES FOR OTHER
PEOPLES JOBS TO BE READ IN OR PRINTED. FIRST, LET US
SET UP A BATCH JOB TO EXECUTE WABS, AND THEN EXAMINE THE
EQUIVALENT INTERACTIVE JOB(S).

3.4.1 BATCH EXECUTION

I. THE USUAL BATCH ENVIRONMENT USES PUNCHED CARDS.
HENCE, WE PROCEED TO THE KEYPUNCH (WHERE THERE
MIGHT BE A QUEUE$ AND PUNCH THE FOLLOWING
CONTROL CARDSI
JOBNAMECM61000.
CHARGE ,YOUR9 GOBBLYGOOK.
ATTACH,DATA, ASEWABSINPUTIO=YOUR.
REQUESTNEWIN,#PF.
ATTACHWABS, ID=CSPR.
WABS.
CATALOGNE WINASENEWIN, IODYOUR.

Z. WE TAKE OUR CARDS TO A CARD READ STATION AND
READ IN OUR CONTROL CARDS (POSSIBLE QUEUE AND
POSSIBLE CARD READER DESTRUCTION OF THE INPUT
OECK)

3. THE JOB IS NOW EXECUTING* HERE THERE IS THE
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A SIMPLE EXAMPLE
WABS EXECUTION - BATCH

POSSI'BILITY OF A MISPUNCHED CONTROL CARD
ABORTING THE JOB# WITH THE CONSEQUENT
RE-ENTERING OF THE CARD PUNCH QUEUE TO REPAIR
THE FAULTY CARD, AND A RETURN TO THE CARD READ
STATION TO RE-READ THE DECK.

I* WHEN THE JOB HAS EXECUTED, IT IS SENT TO THE
LOCAL PRINTER. DEPENDING ON THE TRAFFIC ON THE
TERMINAL, THE JOB MAY HAVE TO WAIT UNTIL OTHER
JOBS HAVE COMPLETED PRINTING.

5. THE PRINTED OUTPUT IS THEN EXAMINED FOR ERRORS.
ANY ERRORS MUST BE CORRECTED AND THE CYCLE
BEGUN AGAIN.

IT SHOULD BE OBVIOUS THAT THERE ARE DEAD TIME
SPACES IN BATCH EXECUTION OF A JOB

3.*42 INTERACTIVE EXECUTION

THE INTERACTIVE EXECUTION OF WADS IS USUALLY QUITE
FAST* THE CONTROL CARDS SHOWN ABOVE IN THE BATCH
EXECUTION ARE EXECUTED FRON A TERMINAL. ANY ERRORS IN
INPUT ARE CORRECTED IMMEDIATELY1 THERE IS NO WAITING FOR
OTHER USERS OF THE SYSTEM TO GET OUT OF YOUR WAY. HERE
WE SHOW AN EXAMPLE OF THE INTERACTIVE EXECUTION OF WABS
ON THE DATA FILE JUST PREPAREOS

COMMAND - ATTACHWABSID=CSPR<CR>
PFN IS WABS
PF CYCLE NO. = 016

COMMAND- ATTACHOATAASEWABSINPUT,IO=YOURtCR>
PF CYCLE NO = 001

COMMAND- REQUESTNEWIN,9'PF<CR>
COMMAND- NBAS9OATAcCR> (* OOPSI V)
N3 SUCH PROGRAM CALL NAME - WBAS

COMMAND- WABSqDATA4CR2
END WARTHOG
7*975 CP SECONDS EXECUTION TIME

COMMAND-

fWARTHOG9 IS THE NAME OF THE MAIN PROGRAM IN WABS.

N3W THE OUTPUT FILE CAN BE EXAMINED WITH NETED OR
PAGE; PERHAPS THE BEST ITEM FOR WHICH TO SEARCH IN THESE
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A SIMPLE EXAMPLE
WASS EXECUTION - INTERACTIVE

FILES IS THE STRING fERRORS TO THIS POINTe THIS MILL

HELP TO LOCATE THE INPUT ERRORS TO EACH SUBSTRUCTURE.

THE FILES NOW AVAILABLE TO US CAN BE SEEN BY#

COMMAND- FILES<CR2
--LOCAL FILES--
'METED 'MABS BEAM MSDATA OUTPUT
NEWIN *DATA

COMNANO-

THE FILES cBEAM2 AND <MSDATA2 ARE FILES USED INTERNALLY
BY WABS HENCE, YOU SHOULD NOT USE FILES WITH THESE
NAMES YOLRSELF. <BEAM2> CONTAINS THE ELEMENT 13 CROSS
SECTION DEFINITIONS, AND <MSOATA> IS THE MASS STORAGE
RANDOM ACCESS DATA FILE.

FISURE 3.7 IS A COPY OF THE OUTPUT FILE OF MABS,
AND FIGURE 3.8 IS A COPY OF THE FILE <NEWIN2.

WHEN WE FIND THAT THERE ARE NO ERRORS REPORTED BY
MABS, WE CAN BE FAIRLY CERTAIN THAT THE BOOKKEEPING FOR
THE ATHEMATICAL MODEL IS CORRECT, AND WE MAY THEN
CATALOG THE <NEMINb FILE FOR LATER BATCH RUNNING OF
SUBSTRC.
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A SIMPLE EXAMPLE

SUBSIRO EXECUTION

3.5 SUBSTRO EXECUTION

SUSSTRc IS TOO LARGE TO EXECUTE INTERACTIVELY AT
DTNSROC BECAUSE THE OPERATING SYSTEM POLICY LIMITS THE
INTERACTIVE EXECUTION OF PROGRAMS TO 61000 OCTAL WORDS*
HENCE SUBSTRtC, WHI1CH REQUIRES A MINIM4UM OF 170000 OCTAL
WORDS, 4UST BE EXECUTED IN A BATCH MODE. HOWEVER, THE
CONTROL CARDS TO EXECUTE THE PROGRAM MAY BE MADE
INTERACrIVELY, AND THE CONTROL CARD IMAGES ROUTED TO THE
INPUT 2tIEUE FROM YOUR TERMINAL* TO WIT#

COM4AND- NETEOCC-CRvb
- -^WERL-SKY NETED X.Y
INPUT*
ID, <CR3,( INTO EDIT MODE *1
E* %<CRb ( TURN PROMPT OFF *1
, cCR~ o INTO INPUT MODE *1
VOJRJOBCM265000,TIOO ,P2*4CR)-'
C4ARGE9YOUR9GOBBLYGOOK. 'CR)o
ArrACulSUBSTRC, IO=CSPR. 'CR2
ATTACI4,MEWIN, ASENEWIN, ID=YOUR*cCR'-
SUBS TRC*<CRz

EDIr.
SAVE cCRD
CC WRITTEN9
COMMAND- CATALOG,CCASECCID=YOUR*<CR),
INITIAL CATALOG
RP = 030 DAYS
Cr IO= YOUR PFN=ASECC
Cr CY= 002i 0000000t. PRUS $0000.00 fDAY

COMMIAND- ROUTECCDC:IWTIO.<CR2
Y3IIRJXXoS ENTERED INPUT QUEUE P2

COMMAND-

NOW WE WAIT FOR THE SYSTEM TO ALLOCATE APPROPRIATE
RESOURCES TO THE JOB FOR EXECUTION.

FI;JRE 3.9 IS A COPY OF THE FILE PRODUCED BY A JOB
SIMILAR TO TI4IS9
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A SIMPLE EXAMPLE
FZGURE 3.4 - B8EANXf INPUI

2£ 2
7 8

57.955

coo 900G
1 2
9 10

57.955
17.0

90o9
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A SIMPLE EXAMPLE
FIGURE 3.6 - #WABSS INPUT

RING STIFFENED CYLINDER - 90 DEGREE SEaGNNT
MODELED WITH ELEMENTS 13 AND 20 - 2 SUBSTAUCTUiRES
END LOAD SIMULATE3 BY 2 POINT LOADS
SYMMIETRY PLANES AT, X-7 P'_ANE* Y-Z PLANE# AND Z z39.3
LIBRARY
ELE MENT S
13 20
TYING TYPES
19 2
SUBSTRUCTURE I
BOUNDARY CONDITIONS
0.0 1 2 1 6
0.0 2 0 3
3 5
2 *.6
0.0 2 0 3

135

0.0 1 6 8 8
CONCENTRATED LOADS
1 0 0 0 0 0 a Doi49E6
0 0
2 0 0 0 0 0 0 0.149E6
0 0
CONNECTIVITY
20
i112 43
2 3 .6 5
CONNECTIVITY
13
37 6
4 9 10
COORDINATES
20

1 0.00000 0.00090 61.62500 000000C 0.00000 0.00000 1.00000
0.0co00 G600000.800006 1900003
2 96.80032 0.00500 -00000 -1.00000 0.00000 61.62500 -000
0.00000 0908000 0.10001 1.00000
3 0.00000 6.00000 61.62500 0.0000 0.00000 0.00000 L900000
0000000 6e00800 30001 L000080
1. 96.80032 6.00000 -.00000 -1.08000 0.00006 61*62500 -.00000
0.30000 6.00000 0.00061 1903000
5 0.00000 17.OOC20 61.62500 606000 000000c 0060000 1600000
0.000 11000600 0604908 1.00000
6 96.80032 L7*00020 -e80000 -1.06000 0.00000 61.62500 -000000
0.00000 17.00000 0.00008 1.00000

COORDINATES
L3

7 57.95500 0e00000 6s0OdOOO .00 a00 10O00Oc 9900000 to.00000
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A SIMPLE EXAMPLE
FIGURE 3,6 - *WABS INPUT SCONI'D)

0.00000 0.00000 0600008 .01725 0.00000 0.00000
8 *O00CO 57,95500 6,00000 -io0c00o 000000 0.00000 .00000
1,oCoO 0.00000 -*01725 .00000 0.00000 91,03550
9 57995500 0,00Coo 2.000oo 0,00000 1.00000 0600000 1o0o0o
0000000 C.0000 0.000 0017Z5 0.00000 0,00000
10 .00010 57.95500 17,00CO0 -LO000 000000 00000 .0O00
1.00080 C.00OO0 -.6125 .00000 0,80000 91,03550

DISTRIBUTED LOADS
100.0 2
1 2
EDGE NODES
5 6
GEOMETRY
0.6
1 2
0 1.0 0
3 4..

PROPERTY
3E7 0.3 100000.
L14
TIES
19
7 3 4.
a 4, 3
956

13 6 5
END SUBSTRUCTURE 1
SU8STRUCTURE 2
BOUNDARY CONDITIONS
0.0 3 0 3
1 35
2 4 6
0.0 3 0 3
2 4 6
135
0.0 1 6 8 8
0.0 5 5 6
2 3 4 6 7 8
0.0 6 6 6
135678
CONNECTIVITY
20
1 1 2 4 3
2 3 4 6 5
CONNECTIVITY
13
376
4 9 10
COORDINATES
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A SIMPLE EXAMPLE
FIGURE 3.6 - @WA8S INPUT £CONTOD)

2a
1 0.00000 t17.0000 t1.62500 8.8000 OO0ooc 0.00000 1.00000

0o00000 ITcoo0oo 0,o0011 1.00100
2 96o80032 lT,00090 -00000 -l3O00 O00000 61.62500 GOaOof
0.00000 17.00108 0.00001 1.0000
3 OO0000 28.00000 61,62500 8.83000 0.00000 0.00000 1400000
0.00000 26,00000 8680000 1.00000
4 96o80032 28.00000 -.0J000 -L.l000 0,00000 61.62500 -.00000
0400000 28.00000 0.00000 1.00000
5 000900 39.00000 61.62500 100000 0,00000 1000000 1.00000
0.00000 3.00100 0.00000 1.00000
6 96,80032 39.00000 "-00000 -1.80000 0.00000 61.62500 -*00000
0.00000 39.00000 9.00055 1.00000

COORDINATES
13

7 57.9550 0.00000 26.00000 0.30000 1.00000 0,00000 1.00000
0.00000 0.00000 0000000 .01725 0.30000 0.00000
8 .00000 57.95500 28,03000 -1.98000 .00000 0.00000 ,00000

1.00000 0.00300 -.01025 .00000 0.00000 91,03550
9 57,955C0 0.00000 39,00000 0,00000 1000000 0400000 1,00000
0000000 G.00000 80000 .0125 0.00000 0.00000
10 O00CO 57.95500 39,00000 -100000 .00000 0900000 .00000
1,00000 0.00000 -81725 .00000 0.30000 91e03550

DISTRIBUTED LOADS
100.0 2
12
EDGE NODES
12
GEOMETRY
0.6
12
0 1.0 0
33
0 2.
4 L,
PROPERTY
3ET 0.3 100000,
1 4
TIES
19
73'

956

10 6 5
END SUBSTRUCTURE 2
INTERSUBSTRUCTURE CONECTIVITY
READ
2
121
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A SIMPLE EXAMPLE
FIGURE 3.6 -'ASS INPUT 9CONTID)

5 6
2 21
1±2
END ISC
SOLUTION DIRECTIVES
GOERRORS
END SOLUITION DIRECTIVES
ANALYSIS DIRECTIVES
ALL POINTS
LARGE DISPLACEMENT
END ANAL
BEAM CROSS SECTION DESCRIPTIONS
I. FULL SECTION
3 £2 6 10
0039 1.33 0 -1.0 0 1.*33 0 -t.0
2e66 .58
0 1. a 0 0 1.
1.33 0
to0 a 3.37 0 1. 8

3.37 .33
2 HALF-SECTION
2 6 10
a 1.33 0 -2. 0 0 0 -1
1.33 *58
1. 0 3937 0 I.C 0

3.37 9165
END BEAM
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A SIMPLE EXAMPLE
FIGURE 3.6 - THE FILE CNEWINN

RING STIFFENED CYLINDER - 90 DEGREE SEGMENT
35000 0 450 450

2 13 20
I FULL SECTION

3 12 6 10
000000 1.33000 0080000 -1,00000 0.00000 -1.33000 0.00000 -1.00000
2.66000 .58000 .58003
0.00000 -t.33000 0,0000| 1.00000 0.60000 0.00000 0.00000 L,00300
L.33000 9.00000 0.00001
0.00000 0.00000 t6O0001 0.O0000 3*37000 0.00000 1.00000 0.00000
3.37000 .33000 33000

2 HALF-SECTION
2 6 to
000000 1.33000 0.00008 -1.00300 0.00000 0.00000 0600000 -1.00000
1.33000 .58000 .58000
0600000 0.00000 1.00000 0.00000 3.37000 0.00000 1.00000 a.0OGa0
3*37000 *6500 ,t6500

LAST
i 0 0 1
2 10 10 £0 0 I 4 1 3 2
0 a 0 i 0 a a a a 0
4 20 30 1 0 1
2 8 2 10 2 2 1 2 L 0
0 0 0 0 1 1 0
2 1 1

SUBSTRUCTURE 1
it 10 30 6 0 4

BOUNDARY CONOITIONS
30

i 1 1 L s.
1 1 2 2 00
1 1 3 3 0.
L 1 4 4 0.
1 1 5 5 so
1 1 6 6 so
1 1 8 6 0.
2 2 1 1 6.
2 2 2 2 0.
2 2 3 3 3,
2 2 I. 4 *,
2 2 5 5 0.2 2 6 60.
2 2 8 8 0.
3 3 2 2 3o
3 3 4 4 It
3 3 6 6 s.
3 3 8 8 so

4 4 1 1 0.
4 4 3 3 3,
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A SIMPLE EXAMPLE
FIGURE 3.8 - THE FILE cNEWIN> (CONTODI

?* 10 28 10 0 4
BOUNDARY CONOITIONS

28
1 1 2 2 0.
1 1 ' I4 00
1 1 6 6 0.21 1 8 8 0.

2 2 1 1 0.
2 2 3 3 0.
2 2 5 5 0.
2 2 8 8 0.
3 3 2 2 0.
3 3 4 4 0o
3 3 6 6 0.
3 3 8 8 0.

4 1 ± 0.
4 3 3 0.
4 5 5 0.

4 8 8 Do
5 5 2 2 0.
5 5 3 3 a.
5 5 to 4 0.
5 5 6 6 0.
5 5 7 7 0.
5 5 8 8 0.
6 6 1 1 0.
6 6 3 3 0.
6 6 5 5 0.
6 6 6 60.
6 6 7 I.
6 6 8 8 0.

CONNECTIVITY
4
1 20 1 2 4 3
2 20 3 4 6 5
3 13 7 8
4 13 9 10

COORDINATES
13 Ic
I 0.OOO0O 17.O0000 61.625C0 0.00OO 0.OOOOc 0.00000

1.00000 a.00a0 17.OOOO0 0.00000 1.00000 0.00000
0.00000
2 96.80032 7.00GO0 0.0100 -1.00000 0.00000 61o62500

0.00000 C.O0000 17.00001 0.00000 1.00000 0.00000
04000
3 0o000%0 28.0000 61*62500 a.OOOC O.O000C 0.00000

1.00000 0.00000 28.00000 8.00800 1.00000 0.00000
0000000
4 96o80032 28.00000 0.03000 -10.00c 0.00000 61.62500
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A SIMPLE EXAMPLE
FIGURE 3.8 - THE FILE CNEWIN" (CONr'0I

O0Ocooo (.00000 28*00000 0.00000 1.00000 0.00000
0.00000

5 O.O000 39.00E00 61.62500 0.0coc 06OOOOC 0900000
1.0c000 C.00000 39.0000 0.00000 1.00000 0.00090
0.00000
6 96.80032 39*01000 GeOJO0 -1.0000C OO00C 61.62500
*0.000 0.00000 39.00000 0.00000 1.00000 0.00000

0.00000
7 57.9550 0000oo0 z.O:000 0.08000 1.0000c 0.00000

1.00000 a0.0000 0.00001 000000 .01725 0.00000
0000000
8 0.00000 57.95500 28.00000 -1.03000 0.0000 0.000000

0.00000 1.00000 0.Oooo ".0125 0.00000 0.00000
91.03550

9 57.95500 0.00000 39.03000 0.00co 1.00000 0.00000
1o0cooo -3,00000 0.00800 0900003 .01725 0.00000
0.06000
10 0.00000 57.95500 39.00000 -1.00000 00000C 0600300
0.00000 1.00000 0.00000 -,01725 0680000 0.00000

91.03550
TRACTIONS

0 2
1 2
1

*10000000E40 3
1 2
2

,10000000E+03
GEOETRY

1.
.60000 0600000 0.00000
1 1
.6000 C*00000 0.00000
2 2

0.00000 1.00000 0.00400
3 3
0.00000 2.OCOO0 J.00000

PROPERTY

43000E+08 930000 .00000 0.00003 0.00000 *1OOBE006
1 1

*3000E.08 ,30000 0.cO00 0.00000 0,00000 o10OE.06
2 2

*3000E 08 .30000 0.00000 0.00GGO 0.00000 ,10 0E 06
3 3

*3000E.08 .30000 0.00000 0.00000 0.00000 .1008E406
4 4,

TYING
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A SIMPLE EXAMPLE
FIGURE 3.8 - TH4E FILE cNEWKN) (CONrTOD

19 2
19 7

3 1$
19 8

14 3
19 9

5 6
19 to
6 5

END OPTION
2 1 2
2 2
2 1
5 6
2 1
L 2

CONTINUE
CONTINUE
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A SIMPLE EKANPLE
FIGURE 3.9 - 'SUBSTRCO OUTPUT (CONt*0)

LAST

t FULL SEC

SECTION I

POINT NO, COORDINATES IN SECTION, rI4CKMESSe WEIGHT, WARPING FtN.

1 0. 00000 1*33300 ,55000 .016286 0.CO000

2 0.00010 1*10833 .58000 ,71'.2 0.30000

3 0.00000 o88667 *58000 .08571 O.C0000

4 0.00010 .665C0 058100 .17142 0.30000

5 0.00000 .1#333 .58000 .08571 0.00000

6 0.00000 o2Z167 058000 o17142 0.00000
7 0.0000 -,lOjOO .91000 .12278 0.30000

8 0.00000 -o22167 .58000 .17142 0.00000

9 0.O00000 -o1.#4333 058000 .08571 0.00000

10 0.00000 -. 66500 o58000 .17142 0.00000

it 0.00000 -o@8667 .58000 o08571 0.00000

12 0.00000 -1.10833 .58000 .17142 0.00000

13 0.00000 -1.33000 .58000 .0.266 0.0000

14 .33700 000000 .33300 .14828 0.00 00

15 .67100 0.50300 .33000 o071 1 0.00000

16 1.01100 0000j0 .33000 .14828 0.00000

17 1o34600 0UO8COO .33000 .071. 1 0.00000

18 1.68500 000O0 .35000 .11828 0.00000

19 2,02200 0.6000 o33000 .OT 11 0.30O

ed zz35900 0.30300 033000 o14828 0. 0000

21 2.69630 000000 .33000 .07414 0.3000
22 3.03300 0.30000 .33000 .14828 0030000

23 3.37010 0830300 .33000 .03707 0.00000

2 4ALF-SEC

SECTION 2

POINT NO* COORDINATES IN SECTION. TMICKMESS, WEIGHT, WARPING FTN.

I 0.00000 1.33000 .58000 .04286 0.00000
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A S1IPLE EXAMPLE
FIGURE 3.9 - 'SUBSTRC' OUTPUIT (CONT@OI

DATA FI3R SURSTRU:TURE NO £

NUJMEL.,NJNNP, NLMBC, MAXEB N NC RA, ITIE,ICNRI(ISSTI
*. £0 3c a 0 4 0

MPqMAX
2

i

GENERATED ELEM DATA

. . * . * 6 * * *

NELTYP, 4TYPE,MNDPTE.ICROUT*TSMALL. IEKP, IRI4S
2 a0 1 0 a 0

TYPE IS I WITO 2 403ES AMD23 STRAINS AND I DIRFCT 0 SHEAR STRESS. IS4ELL= I
RO CORPESPONOENCE FOR EXPANDED MATRIX
232 1 1 5 5 3 5 '. 0 C 0 0 0 0 222 2 0 L 5 5 3 5 4. 0 C 0 0 211 1 0 1 5
INTEL INTIN ISNTE INTPRE

5 5 3 5
ROWS WITH SECOND ORDER 3TSPLAIE4ENT TER4S

6 0 c a a 0

TYPE IS 2 WITH '. NODES AND33 STRAINS AND 2 DIRECT 2. SH4EAR STRESS, ISI4ELLs I
ROO4 CORRESPONDENCE FOR EXPANDED M4ATRIX
G o 3 3 0272711. 9 6 6 6111111. 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0
INTEL INTIN ISNTE INTPRE

9 9 5 9
ROO4S WITH SECOND ORDER DISPLACEMENT !ERqS

6 6 it 0 a 0

10JRV !rTRNS I8XA TflOXA IDEV NBCTRA MUPTR4 rUPOAT MES'4R LOOCOR
0 a 0 a 0 a 0 0 13 2

B 0UND0A 4Y

NO.'OF CARDS FOR B.C.= 30

FSTNOLASTMO.FST 3EC. LST DEG, SPEC. OISP.
I £ 1 1 0.

FSTNDLASND.FS' DEGLSt DEG, SPEC.DISP.
1 1 2 2 0.
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A SIMPLE EXAMPLE
FIGURE 3.9 - OSUBSTRCO OUTPUT (CONT@Dl

FSTNOLASTNO*FST OEGLST DEGvSPEC.DISP,
1 1 3 3 0.

FSTNOLASTNDFST DEGLST DEGPSPEC.OISP.
i 4 4 Do

FSTND.LASTND,FST OEGvLST DEGSPEC*DISP*
1 1 5 5 0.

FSTNO.LASTNO.FST DEG.LST OEGSPECoDISPo
1 1 6 6 C,

FSTNDLASTNDpFST DEGLSr OEGSPEC.OISP.
I 1 a 8 Do

FSTNoPLASrP4DFSr OEGLST BEGSPE-CeDISP.
2 2 1 1 Do

FSTNOLASrNDFST DEGqLSr DEG*SPEC.DISP.
2 2 2 2 0.

FSTNDLASTRDFST OEGLST OEGSPEC.oISP*
2 2 3 3 g.

FSTNDLASTNDFST DEGLST OEGSPEC.oIsp,
2 2 '. 1 0.

FSTNoLASrND9FST DEGLST 0EG.SPEC*DISP*
2 2 5 5 D.

FSTND.LASTNDqFST DEG-PLST OEGPSPEC. DISP.
2 2 6 6 0.

FSTN0,LASTNDFST OEGLST OEGvSPEC*OISP*
2 2 8 8 U.

FSTNOLASTNOFST OEG,LST OEGSPECoDISP*
3 3 2 2 0.

FSTNO,LASTNO.FST 3EG9LSr OEGSPc.CeDISPe
3 3 14 f4 0.

FSTNOtLASTNOFST DEGvLST OEGSPECoDISP*
3 3 6 6 0.

FSTNB*LASTNDFST DEG9LSr DEGSPEC.oISP*

3 3 a 8 on

FSTNDLASTND.FST DEG, LST OESSPEC.OISP*
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A SIMPLE EXAMPLE
FIGURE 3.9 - 'SUBSTRCO OUTPUT CCONTOD)

4 4# L I t.

FSTNO.LASTND.FST OEGLST OEGSPcEC*DISP*
4 4 3 3 Do

FSTNOLASTNDFST DEGLSr DEGvSPEC*OISP*
4 It 5 5 0.

FSTNOLASrNOFSr oEG,Lsr OEGSPEC.DISP.
4 4 a 8 0.

FSTNOLASTNO.FST I3EGLST DEGSPECoOISP*
5 5 2 2 0.

FSTNOvLASTNDFST OEGPLST OEGSPECoDISPo
5 5 14 14 e

FSTN409LASTN0,FST DEG9LST OEGSPEC*DISP.
5 5 6 6 D.

FSTND,LASTNOFST OEGqLSr OEGSPEC.DISPo
5 5 8 8 0.

FSTNOLASTNDFST 0EGLST DEG.SPEC@OISPp
6 6 1 1 go

FSTNOtLASTNO.FST OEGqLSt OEG, SPEC. DISPo
6 6 3 3 Do

FS1NOvLASTNDFST OEGLsr OEG9SPECeOISPe
6 6 5 5 B.

FSTNDLASTNDFST 0EGLsr OEGSPEC*OISPo
6 6 a 8 0.

30 DEG. OF FREEDOM FIXED
NO ND NO DEG FIX DISP9NO NDoNO DEG FIXED OISP

I I 10as 2 1 23.e
3 1 30.e 4 L 4 go
5 1 5 0. 6 1 6 0.
7 1 80 8o 2 L1Be
9 2 2 00 1e 2 30.o

it 2 40 1* 2 2 50.e
13 2 6 Do 14 2 8 0.
15 3 20 1e 6 3 4 g.
17 3 60 go8I 3 a8as
19 4 0.D 20 4 30.e
21 4 5 0. 22 4 a80.
23 5 20.o 24 5 40.s
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A SIMPLE EXAMPLE
FIGURE 3.9 - 'SUBSTR" OUTPUT (CONTOD)

25 5 6 - 6 5 8a
27 6 1 0. 28 6 3.
29 6 5 0. 30 6 8.

TRACTI0~4S

2 NODAL LOADS LISTED BELOW
1 0. 1.' 0. 0. 0. C

*1'.9Ee06 0, 0.
2 0. 0. 0. 0. 0. 0.

*149E+C(- C. 0.

CONNECTIVI

NUMELL94'ESH4RI

4 5

NUME1. TYPE NODE NUMBERS ANTICLOCKWISE
1 20 1 2 4 3
2 23 3 4 6 5
3 13 7 8 a a
*. 13 9 itc 0 0

CONTROL

MIN:,NINST2,NINSTL, NCYCPm, TRHStIUP)AT,NUPTRA, IOPT
1 1 7 3 G 1 1 0

FR TO1 FACINIT FLAI4R TOLER XFAC
2000JOO .io3LOO *oLoj 000010 1*353j)

COORDINATE

NCRDI= 13 NUMNP1= 10 MES'4PI= 5

NPNIJM Z3OOROS
I C.CCO1i. 0.CG300 b.62i%0 3.000LO 39COOCC L1600040
1~0 c 00 0. Coo3-1 0 'o c0 C.JCO c 00 1oJ 0 on, c
G(.0 00

2 9660- ,32 a.c~u6'a 0*0j.-_0 -1.ojooE Cs.00C: 61.625j0
J.0203) O.L1030 C.COC-O LOC3LOO 1.00o CoLOCO
*0 0~ 0
3 0.Cu'c0 5*0 0'63 61*625C-' 3.OO30030 j 0 0G 0000010

:0oo 0. % 0. E cc,,00 a~~0 1 ~~0 a col ccc0
J000coo
4. 96.8C03z S40oa1co 0-00:co -10033:0 3*LJGG3 61s6250
00.00 Go 3oo ecoiao0 1.0 oLO 1 ic a0 00 aoc 0

*0 0co 00
5 3-'000C 17-.00"0 61*625-0 G033010 kle00li0) .s0Gu:a
iecacoo a-0000C 17,50C00 L.c0003 1, 1 0.0: CL 0G 0
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A SIMPLE EXAMPLE
FIGURE 3.9 - 'SUBSTRC* OUTPUT (CONTOI)

0000000
6 96.80032 V7.00009 0080900 -1.00000 0.C0000 61.62500
0.00000 0.00000 17.00060 Coca000 1000000 0.&0000
0000008
7 57,95500 0000000 6o800 00800 i.00000 0000000
1000000 0.00000 0.00000 0.00000 900725 0.60000
.0 Go g
a 0.00000 57o95500 600300 -1.00000 0000000 0000000

C000000 1.00000 0000000 -.01725 0.00000 0.00000
91.0 3550
9 57.95500 0.D0000 17.00000 0.00300 1.00000 0.00000
1.00000 0.00000 0.00000 0.00000 e01725 .cocoOO
6400000
10 0,00000 57o95500 17.00300 -180000 0.00000 0.00000
0.00000 1.00000 0908000 -.01725 0.00000 0.COaoO

91.0 3550

TRACTIONS

I ELEPIS WITH DISTRIB. LOAD OF MAGNITUDE .1000O00E+C3 AND TYPE 2
1

i ELEMS WITH OISTRI8. LOAD OF MAGNIrTUDE o1000000E*03 AND TYPE 2
2

0 NODAL LOADS LISTED BELOW

GEOMETRY

NO OF DISTINCT ELEM. GEOMS 4
EGEOMt EGEOM2 EGEOM3 SINCTP STAPE
*600E400 0. 0. 0. so

ELEM GEOM FOR ELEPI 1 TO 1
EGEOMi EGEOM2 EGEOM3 SINCTP STAPE
o600E+00 0o 0. go so

ELEM GEOM FOR ELEM 2 TO 2
EGEOMI EGEOM2 EGEOM3 SINCTP STAPE
0. *100E.01 0. 0 80
ELEM GEOM FOR ELE4 3 TO 3
EGEOMI EGEOM2 EGEOM3 SINCYP STAPE
0. .ICOE.02. 0. 0. 0.
ELEM GEOM FOR ELE4I ' TO

PROPERTY
NO OF DISTINCT ELEM PROP=
YOUNGS MODetPOISSON R*9OENSITV* ALPHA*rOr.TEMP., YIELP,, YIELP2

*300E+98 * 3C E.00 0o 0. Do *l0tE#06 0.
ELEM PROPS FROM ELEM I TO 1
YOUNGS NOO.,POISSON R..OENSITVv ALPHA9T3T*TEMP., YIELP,, YIELP2
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A SIMPLE EXAMPLE
FIGURE 3.9 - ISUBSTRC' OUTPUT (CONTRDI

o300E#08 *3C0E.O0. 0. Do.o *IDOE*O6 0.
ELEM PROPS FROM ELEM 2 TO 2
YOUNGS MOD..POISSON R.ooENSITY9 ALPHArDr.TENP., YIELP,, YIELP2
9300E+08 o3COE+0O0. Do Do go10GE+C6 0.

ELEM PROPS FROM ELEM 3 TO 3
YOUNGS MOD.,POISSON RoDENSITY, ALPI4ATOfoTEIPo, YIELP,v YIELP2
*300E408 e3CCE.UO 0. 0. 0 910GE+O6 0.

ELEM PROPS FROM ELEM 4. TO 4.

TYING

NO* TIED NODES 14

TIE TYPENOoRETAINED NODES
19 2

TIE NO £ TYPE 19 TIED NODE 7 NOoRETo4ODES 2
RETAINED NODES 3 to

TIE NO 2 TYPE 19 TIED NODE 8 NO.REToNOOES 2
RETAINED NODES 6 3

TIE NO 3 TYPE 19 TIED NODE 9 NOoRET.NDOES 2
RETAINED NODES 5 6

TIE NO I. TYPE 19 TIED NODE 19 NO.RET.oNOES 2

RETAINED NODES 6 5

END OPTION

CPU INS 1.3529 CPU OUT: 2,591* CPU TOTAL: 1.239 OAREAO

2 BOUNDARY NODES 9 INTERIOR NODES

LIST OF BOUNDARY NODES
5 6

/RANDF2/ MUST BE &GEo 6

CPU INI 3.04.39 CPU OUT: 3.3209 CPU TOTAL$ o277 OPRESS

CPU INS 3o3349, CPU OUT$ 8,8449. CPU TOTALS 5.510 OASEMB
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A SIMPLE EXAMPLE
FIGURE 3.9 - OSUBSTRCO OUTPUT (CONTOD)

NEW ITIX

1 5 3 16
z 6 4 3
3 7 9 10
'. a to 9

TYING BEAM NODE 5 TO SWELL NODE 3
OFFSETS -3e67008

TYING BEAM NODE 6 TO SHELL NODE 4
OFFSETI -3e67000

TYING BEAM NODE 7 TO SMELL NODE 9
OFFSETS -3.67000

TYING BEAM NODE 8 TO SWELL NODE 10
OFFSET$ -3s67000

C*Pe TIME AT BEGINNING OF WRITAR 9.812
WALL CLOCK 17.34.11.

C.Pe TIME AT END L0.076
WALL CLOCK 17.34.12.

S.P*TIME AT START OF TRIANGULARISATION 10*ILO

LN(OETERMINANT~w .269E*03 SINGULARITY RAT13 e242EC00

C*P.TIME AT END OF TRIANGULARISATION 10.602

CPU INS 6.859, CPU OUT$ 11.694, CPU TOTAL$ 39035 OSOLVI

DATA FOR SUBSTRUCTURE NO 2

NUNEL*NIJNNP* WMBCMAXBWNBCTRAXTIEIEMOR1( 1551
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A SIMPLE EXAMPLE
FIGURE 3*9 - 'SUBSTPCO OUTPUT (CONT*DI

4 to 28 10 I I 0

MPRMAX
2
1

GENERATED ELEM DATA

NELTYP, 4TYPEMNNDPTEKCROUT.ISMALL, IEXP, IRHS
2 9 4 1 0 a 0

TYPE IS i WITH 2 NODES AND23 STRAINS AND I DIRECT 0 SHEAR STRESS, ISHELL: I
ROW CORRESPONDENCE FOR EXPANDED MATRIX
232 1 1 1 5 5 3 5 4 0 C 0 0 0 0 222 2 0 L 5 5 3 5 4 C 0 0 0 211 1 0 1 5
INTEL INTIN ISNTE INTPRE

5 5 3 5
ROWS WITH SECOND ORDER DISPLACEMENT TERMS

6 0 c 0 0 0

TYPE IS 2 WITH 4 MODES AND33 STRAINS AND 2 DIRECT 1 SHEAR STRESS, ISHELL= I
ROW CORRESPONDENCE FOR EXPANDED MATRIX
O 6 33 0272714 9 6 6 6111111 0 0 0 00 1 0 00 0 0 0 0 0 0 0 0 0 0 0 0
INTEL INTIN ISNTE INTPRE

9 9 5 9
ROWS WITH SECOND OROER DISPLAIEMENT TERMS

6 6 It 0 0 0

ICURV ICTRNS ISxA IO8KA [DEV NBCTRA NUPTRA IUPOAT MESHR LODCOR
0 1 0 0 0 3 0 a 5 2

BOUNDARY C

NO.OF CARDS FOR BC.- 28

FSTNOLASTNOFST DEGLST OEG*SPEC.DISP.
1 1 2 2 0.

FSTNDLASTNDFST DEGLST DEGSPEC.DISP.
1 1 . I. 0.

FSTNO,LASTNOFST DEG,LST DEGSPECoDISP*
1 1 6 6 O

FSTNOLASTNOFST DEGLST OEG9SPEC.DISP.

1 1 8 8 0.
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A SIMIPLE EXAMPLE
FIGURE 3.9 - SUBSTRC# OUTPUT (CONrODI

FSTNOLASTNOpFST DEG9LST 0EG9SPECOISP.
2 2 1 1 0.

FSTNDLASTNDFST DEGioLST DEGSPEC*OISP*
2 2 3 3 Do

FSTNOLASTNOFST 0EGvLSr DEGSPEC9OISP.
2 2 5 5 0.

FSTNOLASTNO9FST OEGsLsr DEGSPEC.OISP*
2 2 6 a 0.

FSTNDLASTNDFST DEGqLST DEGSPECDISP*
3 3 2 2 D.

FSTNO*LASTNOFST OEGqLST DEGvSPECeOISPe
3 3 16 0.D

FSTNOvLASTNDFST DEG9Lsr DEGSPEC.DISP.
3 3 6 6 g.

FSTN0,LASTN0,FST 0EG9LSr DEGSPEC*DISP*
3 3 a a a.

FSTNDLASTNOFST OEGLST DEGpSPEC.oISP*
L. ±4 1t1 0

FSTNDLASTNDFST DEG9LSr DEGqSPEC.OISP9
4 4 3 3 Do

FSTNO.LASTNOFn" '1",'Sr OFGSPE'r"oyspe
4 4 5 5 0.

FSTNOLASTNOFST DEGqLST OEGSPEC*OISP.
I. 4 8 0.

FSTNOLASTNOFST OEGLST OEGvSPEC.DISP.
5 5 2 2 0.

FSTNOLASTNOFST DEGpLSr OEGSPEC*OZSP*
5 5 3 3 a.

FSrN09LASTNoFST DEG9LSr 9EGqSPEC*DISP*
5 5 4 . 0.D

FSTNDLASrP4DFST DEGPLST 0EGSPECoOISPo
5 5 6 6 0.
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A SIMPLE EXAMPLE
FIGURE 3.9 - 6SUBSTRC6 OUTPUT (CONTOD)

FSTND*LASTND.FSr OEGLSr DEGvSPEC.DISP*
5 5 7 7 a.

FSTNDLASTNt40FST DEGLST DEG.SPECeDISP.
5 5 8 80

FSTNOLASTNOtFST OEGLST DEGvSPECeDISPo
6 6 1 1 0.

FSTNDLASTI40.FST OEGLSr DEGSPEC.DISPo
6 6 3 3 3.

FSTND.LASTN0,FST OEGLST OEGSPECoDISP.
6 6 5 5 as

FSTNOvLASTi40,FST OEGLST OEGSPEC*OISP.
6 6 6 6 0.

FSTNDLASTND*FST OEGLST DEGSPEC.DISP.
6 6 7 7 D.

FSTNOLASTNO.FST DEGLST lDEGSPECoOISP.
6 6 8 8 3.

28 DEG* OF FREEDOM FIXED
NO ND NO DEG FIX DISP.NO ND.NO DEG FIXED OISP

1 1 20.o 2 1 4 g.
3 1 60 Do 1 8 0.
5 2 10.o 6 2 30as
7 2 50.o 8 2 a6Be
9 3 2. £0 L 3 4.as
i1 3 60 £o 2 3 a8so

i5 4. 5e £o 6 4. 83.
17 5 20 Dois 5 30Be
19 5 4 0. 20 5 601*
21 5 70Do 22 5 a80.
23 6 10.o 24 6 33is
25 6 50.t 26 6 60.o
2? 6 7 0. 28 6 8.

CONNECTIVI

NUMELL91MESHRI
1. 5

NUMEL TYPE NODE NUMBERS ANTICLOCKWISE
1 20 1 2 1. 3
2 20 3 I. 6 5
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A SIMPLE EXAMPLE
FIGURE 3.9 - ISUBSTRG* OUTPUT (CONrOD)

3 13 7 8 1 0

Is13 9 10 0 0

COORDINATE

NGRD= 13 NU4NPi= 10 MESHRIs 5

NPNUN COOROS
1 0.01000 11.00000 61962500 0.03000 0.00000 0000060

1000000 0.0000 1703000 000056 1900000 0 00v0000
u.00000
2 96.60032 1T700000 0000000 -100000 000000 61.62500

0000000 0.00000 17.0000 00100000 O,&O 0

0000000
3 0900000 28.00000 61*62500 0o0000 0000000 0.00000

1000000 0.00000 28000000 0.00000 1600000 060003
0000000
4 96.80032 28.00000 060000 -1000000 Oo0000 61.62500

0000000 000090 28001000 0000000 1600000 0.00000
0000000

5 0.00000 39000000 61.62500 0.00300 0000000 0.00000

1000000 0.00000 390000 0.0000 1000000 0000000
0.00000
6 96.6003E 39e00000 0000Coo -SOodO0 0,00000 61062500

0.00000 0.00000 39.00000 0000000 1.00000 0000000

0000c00
7 57.95500 000000 28.3000 0.00000 1.00000 0000000

1000000 0000000 0000000 0000000 o01725 0.00000

0000000
8 0,00000 57095500 26.00000 -1.0000 0.00000 0.00000

0000000 1.00000 0.00000 -.01725 0000000 0.00000
91e03550

9 57,95500 0.00000 39000000 0000000 1.00000 0.00000

1.00000 0*00000 C000000 00000 .01725 0600000
0600000
10 000000 57o95500 390000 -. 00300 0900000 0000000

0,00000 1000000 0.00000 "001725 0900000 0000002
91903550

TRACTIONS

1 ELEMS WITH OISTRIBo LOAD OF MAGNITUDE 91000000E+03 AND TYPE 2

1 ELENS WITH DISTRIB, LOAD OF MAGNITUDE ,1000000E*03 AND TYPE 2

2

0 NODAL LOADS LISTED BELOW
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A SIMPLE EXAMPLE
FIGURE 3.9 - *SUBSTRC& OUTPUT (CONTOO)

GEOMETRY

NO OF DISTINCT ELEM. GEONS = 4
EGEOMI EGEOM2 EGEOM3 SINCTP STAPE
*•600E.O 0. o. o. 0.

ELEM GEOM FOR ELEM 1 TO i
EGEOMI EGEOM2 EGEON3 SINCTP STAPE
*600EtOO 0, 0. 0. Do

ELEN GEOM FOR ELEN 2 TO 2
EGEOMi EGEOH2 EGEO"3 SINCTP STAPE

o. .100E401 0. O. D.
ELEM GEOM FOR ELE4I 3 TO 3
EGEOmi EGEOM2 EGEOM3 SINCTP STAPE

o. *200E*01 0. 0. D.
ELEM GEOM FOR ELEN 4 TO

PROPERTY
NO OF DISTINCT ELEM PROP= 4
YOUNGS MOD.,POISSON R.,OENSITVq ALPHAT3T.TEMP., YIELP,, YIELP2
•300E.08 .300EO0 0. 0. o. 9100E06 0o.

ELEM PROPS FROM ELEN I TO 1
YOUNGS 00.9PO!SSO R..DESITY, ALPHNATOT9TEMP., YIELP,, YIELP2
•300E+08 .300E+oo o. o. o. *1OOE OB D.

ELEN PROPS FROM ELEN 2 TO 2
YOUNGS MOD.,POISSON ReOENSITY, ALPHAtT3ToTEMPo, YIELP,, YIELP2
*300Ei08 .302EUO0 o. o. Be .100E06 0.

ELEM PROPS FROM ELEM 3 TO 3
YOUNGS MOO, POISSON R,,DENSITy9 ALPHAvTOr'TEMP,t YIELP,, YIELP2
*300E408 @300E+OO O. o. o. .lOOEEa6 D.

ELEM PROPS FROM ELEM 4 TO 4

TYING

NO. TIED NODES t

TIE TYPENO.RETAINED NODES
19 2

TIE NO t TYPE 19 TIED MODE 7 NO.RET.MODES 2
RETAINED NODES 3 4

TIE NO 2 TYPE 19 TIED NODE B NO.RET.NODES 2
RETAINED NODES 4 3

TIE NO 3 TYPE 19 TIED NODE 9 NOeRET.NOOES 2
RETAINED NODES 5 6

TIE NO 4 TYPE 19 TIED MODE 10 NO.RET.MOOES 2
RETAINED NODES 6 5
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A SIMPLE EXAMPLE
FIGURE 3.9 - #SUBSTRCO OUTPUT (CONTOD)

END OPTION

CPU INS 11.931, CPU OUT$ 12,8929 CPU TOTALS o961 OAREAO

2 BOUNDARY NODES S INTERIOR NODES

LIST OF BOUNDARY NODES
1 2

CPU INS 13.319, CPU OUTS 13.680, CPU TOTALS .281 OPRESS

CPU INS 13.616, CPU OUTS 19.07, CPU TOTALS 5.431 OASEM1

NEW ITIK

1 5 1 2
2 6 2 1
3 3 4
4 8 4 3

TYING BEAN NODE 5 TO SNELL NODE I
OFFSETS -3.6780

TYING BEAM NODE 6 TO SWELL NODE 2
OFFSETS -3,67001

TYING BEAM NODE 7 TO SWELL NODE 3
OFFSETS -3.67006

TYING BEAM NODE 8 TO SWELL NODE 4
OFFSETS -3*67001

C.oP TIME AT BEGINNING OF WRITAR 2 ,0t8
WALL CLOCK 17.3 .3 4;

C.P. TIME AT END 20,275
WALL CLOCK 17.34.35.
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A SIMPLE EXAMPLE

FIGURE 3.9 - ISUBSTRC' OUTPUT (CONTODS

CoP.TIIIE Ar STRT~ OF TRIANGULARISATION 20.301

LN(OETERMINANT~a .306E*03 SINGULARITY RATIO .233E+00

O.PoTIME AT END OF TRIANGULARISATION 21.419

CPU IN$ 19.067, CPU OUT$ 23.4459 :PU TOTAL$ 4.376 OSOLVI

LAST WRITE TAPES
2 a

NO OF SKIP READS FOR EACH4 SURST
a 8

CONNECTIONS BETWEEN SUBSTRUCTURES

2 2
START OF STRUCTURE CONNECTIONS
NO OF CONNECTIONS9START OF NON ZERO CONN*

2 1
NO OF CONNECTIONSSTART OF NON ZERO) CONNo

2 1

CoP. TINE AT BEGINNING OF WRITAR 23o553
WALL CLOCK 17.34.43.

Cope TIME AT END M3614
WALL CLOCK 17.341.1..

OoP.TIME AT START OF TRIANGULARISATON 23.61?

LN(OETERININANTI= *193E.03 SINGULARITY RATIO .4.33E+00

l.P.TIME AT END OF TRIANGULARISATION 23o669

DISPLACEMENTS BOUNDARY NODES

-*126E-01 0. -o650E-a4 Do -o2l:*E-03 0. *211E-C2 0. -*952E-04
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A SIMPLE EXAMPLE
FIGURE 3.9 - 'SUBSTRC* OUTPUT (CONTODI

go e2t4E-03 0. -.126E-01 I* -e65GE-0. *ZILE-02 0. -*952E-'.

CPU INS 23.469, CPU OUTs 23.692, CPU TOTAL$ *223 OCONTS

RESULTS FOR SUBSTRUCTURE NO 2.

2 0 a

TYING BEAM NODE i0 TO SHELL NODE 6
OFFSETS -3.67001

TYING BEAM NODE 9 TO SHELL NODE 5
OFFSET$ -3e67000

TYING BEAM NODE 8 TO SHELL NODE 4
OFFSETS -3.67003

TYING BEAM NODE 7 TO SWELL NODE 3
OFFSETS -3.67003

CPU INS 23.9339 CPU OUTs 24.066, CPU TOTALS .153 OSOLV3

RESULTS AFTER ITERATION 1 OF 3
ESTIMATED DISPLACEMENTS .I.3490029LOE-02
CALCULATED DISPLACEMENTS *414f90329L0E-02
PERCENT DIFFERENCE (FACR'1.005s 0.
PREVIOUS DIFFERENCES 100000

CPU INS 24*1059 CPU OUTS 29.0809 CPU TOTALS 4.695 OGETSr

RESULTS FOR SUBSTRUCTURE NO 2

2 a
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A SIMPLE EXAMPLE
FIGURE 3.9 - 5SU85TP0' OUTPUT (CONr*D)

CURRENT LOADS ARE 3.Utoo TIMES DAIA LOADS

END OF INCREMENT 3

SfART INCREMENT 1.

CONTINUE

PRINT EVERY I INC-REMENTS

CPU INS 38.475, CPU OUTS 4.1.5141 ^CPU TOTALI 3.039 OSCINC

MONITOR SJMMARY - DATES o8/ir(79 TIMES 17.35.18.

MODULE COUNT CPU SECS PCT PP SE ,S PCT I] SECS PCT CLOCK PCT

I MARC I. .. 57 1.1? 1.134 6.63 .210 1.10 2. 2.33
2 CONTRA 2 0931 2.28 4.378 17.88 2.898 15.18 9. 10.47
3 GAREAD 2 2.213 5.43 1*953 7.98 1.*657 8.66 8. 9.30
4 OPRiSS 2 .569 1.1.0 .231 .95 s139 .73 1. 1.16
5 OA SE49 ? 10.954 26.83 .896 3.66 .745 3.90 12. 13.95
6 OSOLVi ? 7.42? 18.23 6.994 28.57 6 .64f2 34.77 19. 22.09
7 C04TRB 1 *217 .53 1.131 4o.62 1.086 5.69 2. 2.33
a CONTR: 4 1.700 1-017 4o618 18.86 3o151 16.50 10. 11.63
9 OSOLVI 2 s352 .86 1.191 4.82 1.021 5.34 2. 2.33

10 OGETST 2 9.722 23o86 9589 2.41 ..71 2.46 12. 13.95
11 OSCINC 2 6.204 15.23 1.375 5.62 1.080 5. 65 9. IC.'.?

TOTALS1 40.745 24.4450 19.igo 86.
TOTAL TIME IN MONITORS .084 SECONDS

MFC NSROC 6400 NOSIBE 1.2 N*2079226
1?.33o'.6.CSPRSL3 FROM /761 RUN ON 6400
17.33.46.10 C0000064 WORDS - FILE INPUT , 0: 0:.
17. 33.6. CSPRSTR.CM277000,T99.POo
17.33.48. BLOCK TIME
17. 33.'.SATTACNNEWIN.RSCNEWIN.IO=CSRO.
17.33.68.PF CYCLE NO. z 003
17.33.48&.ATTACN.PROGE2NOOTITSK.IO-2CSNOL:=I.
17.33.4 8,PF CYCLE NO. =OiL
17.33.4+8.PROG, NE WIN.
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A SIMPLE EXAMPLE
FIGURE 3.9 - OSUBSTRCO OUTPUT (CONT'Ol

17.34.o2 "0000 LAST TAPES 2 8
17.34*e2.MARC
17.35*1g. STOP " NORMAL VERMINATION
17.35.9g. 40.865 CP SECONDS EXECUTION TIME
17.35el9gOP 00013568 WORDS FILE OUTPUT , 0 40 £ PRINT I
17.35*19,MS 14336 WORDS I 116272 MAX USED)
iT,35g.19CPA 1.876 SEC.
L7.35ai9otO 20.556 SEC.
17.35si9.AMC 76639o822
17.35.19,SS 54.210 SEC.
L7,35.19.PP 28.09? SEC. DATE 081tfTf9
17.35*09.ESTo BASIC CHARGE S 6.92
17.35oi9oEJ END OF JOB, 760
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ADTOC

INTRODUCTION

4.1 INTRODUCTION

THE AIM IS TO PRODUCE A FILE WHICH CAN BE USED TO
DISPLAY A DISPLACED STRUCTURE ON SOME GRAPHICAL DEVICE.
WE ARE CURRENTLY USING THE PROGRAM "STAGINGe FOR THIS

PURPOSE (STAGINREF),

"ADTOCf SCALES THE DISPLACEMENTS PRODUCED BY
OSUBSTRC& AND ADDS THESE SCALED DISPLACEMENTS TO THE
ORIGINAL COORDINATES, SCALING IS OFTEN NECESSARY TO
PRODUCE VISIBLE DEFORMATIONS OF A STRUCTURE.

"ADTOCI IS USED IN CONJUNCTION WITH THE PROGPAM

•STON', WHICH TRANSLATES A FILE FROM OSUBSTRUC"
INTERMEDIATE FILE FORMAT TO THE "NASTRAN' BULK DATA
FORMAT,

4.2 DEFAULTS AND LIMITATIONS

THE DEFAULT MAGNITUDE OF #SCALE', WHICH MULTIPLIES
THE DISPLACEMENTS IS 50o YOU SHOULD PROBABLY TRY TO USE
A SCALE FACTOR WHICH PRODUCES A MAXIMUM DISPLACEMENT OF
10 PERCENT OF THE LARGEST DIMENSION OF THE STRUCTURE

(FOR VISIRLILITY).

THE MAXIMUM NUMBER OF NODES IN ANY SUBSTRUCTURE
WHICH :AN BF ACCOMMODATED BY *ADT3C' IS 512e THE
MAXIMUM NUM R OF SUBSTRUCTUDES IS 66, THESE MAY BE
INCREASED BY MODIFYING THE SOURCE CODE.

L .3 USING THE PROGPAM

THE FOLLOWING CONTROL CARDS ARE SUFFICIENT TO
EXECUTE 'ADTOC*t

ATrACH,AOTOC, IO=cSPR
AOT3C,
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ADTOC
USING THE PROGRAM - DEFAULT EXECUTION

".3.1 DEFAULT EXECUTION

ADT3C, IPUTNEWINTAPE61,OUTPUT, INFILE.

4.3.2 FILES

INPUT THIS FILE CONTAINS AT MOST TWO
CARDS.
CARD I CONTAINS 'SCALEf, A REAL
NUMBER ENTERED IN FREE FORMAT.
DEFAULT VALUE IS 50.0.
CARD 2 CONTAINS MfAXDEGO, THE
MAXIMUM NUMBER OF DEGREES OF
FREEDOM AT A NODE IN THIS
ANALYSIS. THE DEFAULT IS 9.
IF THE DEFAULT VALUES ARE
APPROPRIATE. <INPUT) MAY BE AN
EMPTY FILE.

NEWIN THE DATA FILE PRODUCED BY THE
PROGRAM fWABS

rAPE61 THE FILE OF DISPLACEMENTS FROM
@SUBSTRCf

OUTPUT PRINTED OUTPUT FROM fADTOC#

INFILE THIS FILE IS IN THE SAME FORMAT
AS <NEWIN' AND CONTAINS THE
NODAL TOPOLOGY (CONNECTIVITY)
AND THE MODIFIED COORDINATES.

4.9 EXAMPLE

THIS EXAMPLF SHOWS THE PRODUCTION OF THE FILE
<NEWINi BY *WARS* AND THE FILE <INFILE> BY 0ADTOClo THE
FILE cTAPE61* IS ASSUMED TO HAVE BEEN PRODUCED AND
CATALOGED IN AN EARLIER ANALYSIS PERFORMED WITH
fSUBSTRC0,
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ADTOC
EXAMPLE

COMMENT .------------------------------------------
COM4ENT. PRODUCE FILE <NEWIN>,
COlMENT. --------------------------- t----
ATTACHNABSID=CSPR.
ArTACHDATAYOUROATA, ID=YOUR.
WABS.
UNLOAO,9ABSgDATAo

COMMENT. -----------------------------------------
COMMENT. ADO DISPLACEMENTS, PRODUCE <INFILE>
COMMENT..-----------------------
ATTACHTAPE61,YOURTAPE61 IO=YOUR.
ATTACHADTOC, ID=CSPR.
AOTOC.

UNLOADAnTOC.

AT THIS POINT, THE FILE <INFILEv EXISTS, WHICH IS
IN THE SAME 7ORMAT AS THE OSUBSTRC' INPUT FILE <NEWIN>,
TO CONTINUE, AND PREPARE THE DATA FOR DISPLAY WITH A
DISPLAY PACKAGE, ONE MUST TRANSLATE THIS DATA INTO A
FORM COMPATIBLE WITH THE PLOTTING DEVICE, IF, FOR
EXAMPLE, THE DISPLAY IS TO BE DONE WITH fSTAGING09 THE
FOLLOWING CONTROL CARDS WOULD BE EXECUTED IMMEDIATELY
FOLLOWING THE ABOVE$

COMMENT .-------------------------- -----

COMMENT. TRANSLATE TO NASTRAN INPUT FILE cOATA>
COMIENT.--------------------------------------
ATTACHSTONID=CSPR*

STONINFILE.
UNLOADSTON*
ATTACH,PROCFIL, PROCFILPRFSTAG,ID=CAMK,

BEGI*,IOEALTKtDE=DBNAEID=YOURSTRI=STRUCTUREN,
STR2=AMEUPTOLOCtSTR3=HARACTERSLSTR(=ONG,
SUBI=UPTO.0CHARtSUB2=SUBSTRUCTUSUB3=RENAME.
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CHAPTER 5

'SEAMX'

GENERATE COORDINATES

FOR OPEN SECTION BEAM

ELEMENTS (TYPE 013)
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*9EAMXf

INTRODUCTION

5.1 INTRODUCTION

f9EAMXf WAS WRITTEN TO ASSIST IN THE PREPARATION OF
COORDINATE DATA FOR THE OPEN SECTION BEAM ELEMENT (TYPE
#131 IN THE *MARC# PROGRAMS. THE GEOMETRIC DEFINITIONS
OF EACH GRID POINT FOR ELEMENT 13 REQUIRE 3 CARTESIAN
COORDINATES (X, Y, Z), THE DERIVATIVES OF THESE
COORDINATES WITH RESPECT TO THE ARC LENGTH S',
(OX/DS, DY/DS, OZ/S), 3 COMPONENTS OF A UNIT VECTOR IN
THE DIRECTION OF THE "Xf AXIS WHICH DEFINES THE BEAM
CROSS SECTION (AX, AY, AZ), THE DERIVATIVES OF THESE
COMPONE4TS WITH RESPECT TO ARC LENGTH 5sE

(DAX/OS, DAYfDS, DAZ/OS), AND FINALLY, THE ARC LENGTH AT
THE GRIP31NT #SO, THUS9 EACH NODE IS DEFINED BY A TOTAL
OF 13 C3OROINATES, OBEAMXf SHORTENS THE TIME NECESSARY
TO PREPARE THESE DATA, AND ENSURES THAT THEY APE
EXPRESSEa IN PROPER TERMS.

OBEAMXO IS WRITTEN IN FORTRAN 4.9 IT IS SMALL9 AND

EASILY MODIFIED.

5.2 FILES

THE FOLLOWING FILES ARE USED BY 03EAMXOI

INPUT USER INPUT

OUTPUT PRINTED OUTPUT

TAPET FILE OF GENERATED COORDINATES
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@BEAMXf
EXECUTION

V.3 EXECUTION

5.3.1 AS A BATCH JOBI

TO RUN fBEAMX0 AS A BATCH JOB, ONE MAY EXECUTE THE
FOLLOWING CONTROL CARDS$

J0139CM35 00 09 ...
CH4ARGE,- YOUR, GO BSLVGOOK.
ATTACH, BEAME ,BEAtIKLGOID=CSPR,
ATTACH, IN, YOURINPUTTOBEAMXIO=YOUR.
RE QUEST, TAPE? t *PF,
MAPOFF,
BEAMXIN*
CATALOG, TAPE?, YOURB3EAMCOOIROINATES,ID=YDUR.

NOTE THAT IN THE ABOVE, IT IS ASSUMED THAT THE
INPUT FILE <IN'J HAS BEEN CREATED IN SOME OTHER JOB
(POSSIBLY USING ONE OF THE SYSTEM TEXT EDITORS).
<TAPE7) MAY LATER BE ATTACHED INTERACTIVELY AND THE DATA
INSERTED INTO THE ANALYSIS INPUT FILE AT THE APPROPRIATE
PLACES.

5*3*2 AS AN INTERACTIVE JOB#

To EXECUTE fBEAMX@ INTERACTIVELY9 THE FOLLOWING
COMMANDS MAY BE ISSUEDS

ATTACHBEAIX,8EAE4XLGo, ID=CSPRo
ATTACH, INPUT ,YOURINPUTTOBEAMX, ID:YOUR.
REQUEST, TAPE?, 'PF.
MA P,OFF,
BE AMX*

NOTE THAT IN THE ABOVE, IT IS ASSUMED THAT THE
INPUT FILE cINPUT, HAS BEEN CREATED IN SOME OTHER JOB
(POSSIBLY USING ONE OF THE SYSTEM TEXT EDITORS)* AT
THIS POINT, <TAPE731. EXISTS AS A LOCAL FILE AT YOUR
TERMINAL. IT MAY BE FURTHER MANIPULATED WITH OTHEP
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'BEAMXf
EXECUTION

SYSTEM TOOLS, CATALOGED, ETC. AFTER EXECUTION
INTERACTIVELY, THE OUTPUT MAY BE ROUTED TO A PRINTER, OR
SCANNED AT THE TERMINAL ITSELF.

5.3.3 DEFAULT EXECUTION

THE DEFAULT EXECUTION OF #BEAMX@ IS$

BEAMXINPUT, OUTPUTTAPE7.

5.4 THE <INPUT> FILE

THE INPUT DATA ARE THE MINIMUM REQUIRED TO
COMPLETELY DEFINE THE GEOMETRY OF THE BEAM. NOTE THAT
THTS FILE IS NOT (THAT IS NOT!) FREE FORMAT! ALL
NUMBERS MUST BE ENTERED WITHIN THE FIELDS ON THE CARD
SPECIFIED. INTEGERS ARE ENTERED WITHOUT A CECIMAL
FOIN, RIGHT JUSTIFIED IN THE FIELD. REALS ARE ALWAYS
ENTERED WITH A DECIMAL POINT,

CAUTION!

#6EAMX# DOES NO ERROR
CHECKING!
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0 BE:AMX*
<INPUTD, FILE

(1) CARO 1.

NOTES COLS VARIABLE

(2) 1-3 FLAG *OL009 OR, OMIT ENTIRELY*

CAPt) 2

NOTES COLS VARIABLF

C!) 1-5 ICASE NUMBER OF BEAMS TO
GENERATE

CARO 3.1

NOTES COL S VARIABLE

1-5 IBMTYP TYPE OF BEAM.
is CIRCUMFERENTIAL ON A
CYL INDER;
21 LONGITUDINAL ON A
CYLINDER

6-to NUMNO NUMBER OF GRIOPOINTS ON
THE BEAM

(5) CAPO 3.2

NOTES GOLS VARIABLE

1-5 NODEI NUMBER OF FIRST NODE

6-IO NODF2 NUMBER OF SECOND NODE

see NODEN NODE NUMBER fNUMNOf
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@BEAMXf
<INPUT* FILE

CARD 3o3

NOTES COLS VARIABLE

(6) i-10 p RADIUS OF CYLINDER

CAPO 39L

NOTES COLS VARIABLE

(7) 1-10 7(l) Z LOCATION OF FIRST NODE

il-2 Z(2) Z LOCATION OF SECOND NOCE

*@a

CAan) 3.5

NOTES COLS VARIABLE

(8) 1-10 TI4ETA(1) ANGLF TO FIRST NODE,

DEGREES

11-20 THETAC2) ANGLE TO SSCOND MNO

NOTESS

1. f8FAMXf MAY PRODUCE COORDINATES ON <TAPE72. IN
EITHER OF TWO FORMATS$ #NEWg WHICH IS THE
DEFAULT* AND 6OLDq WHICH IS COMPATIBLE WITH
THE OWASS INTERMEDIATE FILE <NEWIN), AS WELL AS
IMARCCDC@ AND #TRAINS'* IF IWABSO FORMAT DATA

IS DESIRED ON gTAPE7, OMIT T4IS CARD ENTIRELY.

2. THIS INPUT IS CHARACTER INPUT.
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@BEAMXf
<INPUT) FILE$ NOTES

3. 'ICASEO IS THE NUMBER OF BEANS GENERATED,
THUS, CARDS 3.1 THRU 3.5 ARE REPEATED AS A SET
#ICASE* TIMES,

49 CIRCUMFERENTIAL BEAMS ARE FAMILIAR TO ANALYSTS

OF RING STIFFENED CYLINDERS AS "FRAMES',
LONGITUDINAL BEAMS ARE fSTRINGERSf,

5. NODE NUMBERS ARE INTEGERS. THEY APE ENTEPED
PI,64T JUSTIFIED IN THE FIELDS ON THIS CARD.
SINCE EACH NODE NUMBER REQUIRES 5 COLUMNS, IT
IS POSSIBLE TO INPUT A MAXIMUM OF 16 NODES PER
CARD. IF THERE ARE MORE THAN 16 NODES TO BE
INPUT, MERELY ENTER THEM ON SUCCESSIVE CARDS IN
5 COLUMN FIELDS UNTIL THE TOTAL OF 'NUMNDt
NODES HAS BEEN ENTERED.

6. THF RADIUS R IS A REAL NUMBER, AND MUST BE
ENTERED WITH A DECIMAL POINT.

7. Z COORDINATES ARE REAL NUMBERS, ENTERED WITH A
DECIMAL POINT. NOTE THAT A SINGLE Z COORDINATE
IS REQUIRED FOR CICRCUMFERENTIAL BEAMS, WHEREAS
A LONGITUDINAL BEAM REQUIRES NNUMND' Z
COORDINATE';, 'BEAMXd DETERMINES THE AMOUNT
NEEDED, AND READS UNTIL IT IS SATISFIED, SINCE
EACH f7f OCCUPIES 10 COLUMNS, IT IS POSSIBLE TO
PUT A MAXIMUM OF 6 070S ON A CARD. IF YGU NEED
MOP_, MERELY CONTINUE ENTERING ZeS ON
SUCCESSIVE CARDS IN 10 COLUMN FIELDS UNTIL THE
TOTAL REQUIRED HAS BEEN ENTERED*

as EACH ANGLE #THETA(I)# IS A REAL NUMBER9, tNIERED
WITH A DECIMAL POINT. NOTF THAT THERE ARE
'NUMNO' VALUES REQUIRED FOR A CIRCUMFERENTIAL
BEAM, WHILE THERE IS ONLY I REQUIRED FOR A
LONGITUDINAL BEAM. OTHETAO MEASURES THE ANGLE
TO THE BEAM FROM THE X-Z PLANE TO THE NODE.
SINCE EACH "THETAO OCCUPIES 10 COLUMNS, IT IS
POSSIBLF TO PUT A MAXIMUM OF 8 ITHETA*S ON A

CARD, IF YOU NEED MORE, MERELY CCNTINUE
ENTEPING 8THETAOS ON SUCCESSIVE CARDS IN 10
COLUMN FIELDS UNTIL THE TOTAL REQUIRED HAS BEEN
ENTERED.
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LfMITATIONS AND REMARKS

5.5 LIMITATIONS AND REMARKS

t. MINIMUM FIELD LENGTH TO EXECUTE OBEAMXft
APPROXIMATFLY 35000 WORDS

2. MACHINE: COC 60C0

3. TIME ESTIMATE: .005 SECONDS PER NODE

4. PROGRAM MAINTENANCE: 09EAMXO IS WRITTEN IN
FORTPAN AND MAINTAINED BY THE AUTHOR. THE
SOURCE CODE IS RETAINED AS THE SOURCE FILE

BEAMESOURCE ,ID=CSRO. THE RELOCATABLE
(OBJECT) CODE IS RETAINED AS

BEAMXLGO ,ID=CSPR. BOTH THE SOURCE AND THE
RELOCATABLE ARE RETAINEO ON PRIVATE DISK 0V4717
AT THE DTNSROC CDC6'0.
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CHAPTER 6

fCN

CENTRAL ME40RY NECESSARY

FOR AN ANALYSIS
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am

INTRODUCTION

6.1 INTROOUCTION

OCN WAS WRITTEN TO COMPUTE THE AMOUNT OF COMPUTER
MEMORY NEEOEO FOR AN ANALYSIS,

ESTIMATES OF STORAGE ARE SOMETIMES NECESSARY PRIOR
TO ANY ANALYSIS MERELY TO DETERMINE IF AN ANALYSIS OF
THE ENVISIONED SIZE WILL EXCEED THE CAPACITY OF THE
ISUBSTRCO PROGRAM. THIS FORCES AN ANALYST TO
APPROXIMATE THE SIZE OF THE ANALYSIS BY GAZING AT THE
CEILING AND GUESSING (IN A RATHER ROUGH WAY) HOW THE
STRUCTURE WILL BE DIVIDED.

ESTIMATING IS MADE DIFFICULT BY THE DYNAMIC STORAGE
ALLOCATION PROCESS USED BY ISUBSTRC'o THE STORAGE USED
IN ANY ANALYSIS IS PROBLEM DEPENDENT; THAT IS, THE
STORAGE REQUIRED VARIES FROM CASE TO CASE IN A
NON-LINEAR FASHION. THE ALLOCATION ALGORITHM IS QUITE
SIMPLE LOGICALLY BUT INCREDIBLY COMPLEX ARITHMETICALLY,
AND IS IDEALLY SUITED TO MACHINE SOLUTION.

IT IS TRUE THAT THE fSUBSTRC' PROGRAM ITSELF COULD
BE USED TO DETERMINE THE STORAGE ALLOCATION WITHOUT
EMPLOYING A SEPARATE PROGRAM. HOWEVER, 'SUBSTRCO IS A
LARGE PROGRAM AND REQUIRES ABOUT HALF OF THE AVAILABLE
MACHINE RESOURCES MERELY TO BEGIN OPERATION. WITH OTHER
JOBS RUNNING IN A MULTIPROGRAMMING ENVIRONMENT, THE
RESPONSE FROM OSUBSTRC# IS THUS SLOW. 'CM' IS A SMALL
PROGRAM WHICH PROVIDES RAPID TURNAROUND, AND IS CHEAP TO
RUN. IT IS THEREFORE PREFERABLE FOR THE TASK OF
DETERMINING THE CENTRAL MEMORY REQUIREMENTS.

NCM6 PR3VIDES A LOOP ON THE ISUBSTRC* VARIABLE
IMXRDt WHICH IS THE NUMBER OF ROWS OF SUBSTRUCTURE
STIFFNESS MATRIX WHICH CAN FIT INTO CENTRAL MEMORY AT
ANY TIME. IT IS PREFERABLE TO HAVE THE LARGEST #MXRO#
POSSIBLE TO REDUCE THE AMOUNT OF CENTRAL PROCESSOR TIME
USED IN PERFORMING INPUT/OUTPUT OPERATIONS. 'CMI SETS
#MXR00 TO THE VALUE OF 04AXNPO (THE MAXIMUM OFI THE
MAXIMUM HALF BANDWIDTH IN A SUBSTRUCTURE, THE MAXIMUM
CONNECTIVITY IN A SUBSTRUCTURE* SEE NOTES BELOW$. IF
THE ANALYSIS WILL FIT INTO THE ARRAY SPACE AVAILABLE,
'CM' STOPS, PRINTING THESE SIZES. IF THE ANALYSIS WILL
NOT FIT INTO THE ARRAY SPACE AVAILABLE, #MXRO' IS
REDUCED BY 1. AND THE ALGORITHM IS EXECUTED AGAIN. THIS
ITERATION IS PERFORMED UNTIL THE ANALYSIS FITS, OR
#MXRD0 IS LESS THAN 1.
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CM
INTRODUCTION

OCR@ PRINTS THE ARRAY SIZES NECESSARY FOR PROBLEM
SOLUTION. IF THE ANALYSIS WILL NOT FIT WITH THE GIVEN
PARAMETERS, RETHINK THE ANALYSIS AND SUBSTRUCTURE IT
DIFFERENTLY. IF THE ANALYSIS WILL NOT FIT AFTER SEVERAL
ATTEMPTS TO SIZE IT, CONTACT OTNSRDC CODE 1720.3.

6.2 FILES

THE FOLLOWING FILES ARE USED BY 'CMSt

IN JT USER INPUT (SAME FORMAT AS THE 'SUBSTRCI
FILE <NEWIN>

OUTPUT PRINTED OUTPUT

6.3 EXECUTION

6.391 AS A BATCH JOBI

TO IUN CONM AS A BATCH JOB, ONE MAY EXECUTE THE
FOLLOWING CONTROL CAROSI

JOBCM35000,.,,
CHARGE, YOUR, GOBBLYGOOKe
ATTACH, CNCMLGOID=CSPR.
ATTACH, IN, YOURINPUTTOCMID=YOUR.
HAPOFFo
mgIN.

NOTE THAT IN THE ABOVE, IT IS ASSUMED THAT THE
INPUT FILE 4AS BEEN CREATED IN SOME OTHEi JOB (POSSIBLY
USING ONE OF THE SYSTEM TEXT EDITORS).
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Cm

EXECUTION

6.3.2 AS AN INTERACTIVE JOB,

rO EXECUTE @CM' INTERACTIVELY* THE FOLLOWING
COMMANDS MAY BE ISSUED$

ATTACHCMtCMLGO ID=CSPR.
NAP.OFF,
CM.

NOTE THAT IN THE ABOVE, IT IS ASSUMED THAT THE
INPUT FILE GAS BEEN CREATED IN SOME OTHER JOB (POSSIBLY
USING ONE OF THE SYSTEM TEXT EDITORSI. AFTER EXECUTION
INTERACTIVELY* THE OUTPUT NAY BE ROUTE3 TO A PRINTER, OR
SCANNED AT THE TERMINAL ITSELF.

6.3.3 DEFAULT EXECUTION

THE DEFAULT EXECUTION OF 'CM' IS$

CMINPUTOUTPUT,
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CM

4INPUTs, FILE

6.4 THE <INPUT2 FILE

THE 'INPUTs, FILE IS COMPRISED OF THE FIRST NINE
CARDS 3F THE OWABS" INTERMEDIATE FILE (NEWIN3., USING
ONE OF THE SYSTEM EDITORS, AND THE FREE FORMAT PROGRAM
*FREEINfv THESE CARDS MAY BE EASILY CREATED. NOTE THAT
THIS FILE IS NOT (THAT IS$ NOTI) FREE FORMAT, ALL
NUMBERS ARE INTEGERS (WITH THE EXCEPTION OF THE FIRST
CAROl AND MUST BE ENTERED RIGHT JUSTIFIED IN TIE FIELDS
SPECIFIED.

CAUTION!

'CM' DOES NO ERROR
CHECKING!

NOTES 4DLS VARIABLE

CARD i

1-T6 LABEL 76 COLUMNS OF TITLE

NOTES COLS VARIABLE

(1) CARO 2

(2) 2-10 MAXALL SIZE OF COMMON fSPACE/

1t-15 lOIN GO/NOGO SWITCH (SET = 0)

I6-20 IRD1 LENGTH OF INDEX FOR
4TAPE1Z) (DEFAULTI 50)

21-25 IRD2 LENGTH OF INDEX FOR
4TAPE142 (DEFAULTI 501

111



CM
4INP*T FILE

NOTES COLS VARIABLE

CARD 3

1-5 NELTYP NUMBER 3F ELEMENT TYPES
(MAXIMUM OF 3 PERMITTED)

6-10 Ji ELEMENT TYPE I

I1-L5 J2 ELEMENT TYPE 2

L6-20 J3 ELEMENT TYPE 3

NOTES COLS VARIABLE

CARD ,

L-5 ISI FLAG FOR LARGE
DISPLACEMENT ANALYSIS
(SET = It

6-10 IRESID NOT USED (SET = Of

11-15 KINHRD FLAG FOR KINEMATIC
HARDENING (SET = I FOR
KINEMATIG HARDENING, = 0
FOR ISOTROPIC HARDENING)

t6-ZO LOOCOR FLAG FOR LOAD CORRECTION
(SET = 1

NOTES :OLS VARIABLE

CAIRO 5

1-5 ICRT MATRIX S3LUTION FLAG

(33 6-10 MAXNP MAXIMUM NODAL CONNECTIVITY

(31 11-15 MAXB MAXIMUM NODAL BANONIOTH/2

16-20 MXRO NUMBER OF IN-STORE ROWS OF
STIFFNESS MATRIX (SET =O)

2L-25 IELAS ELASTIC STORAGE FLAG
(SET = 0
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CM
tINPUTD FILE

26-30 IPRBLD FLAG FOR BUILDING
SUBSTRUCTURE TAPE
(SET = 0)

31-35 ITIEM MAXIMUM NUMBER OF TIES IN
A SUBSTRUCTURE

36-40 ISTYPM NUNBER OF TYPES OF TIES

(4) k1° 5 LONGTM NUMBER OF RETAINED NODES
PLUS 1

(5) 46-50 NUMOIS NUMBER OF TYPES OF
DISTRIBUTED LOADS

NOTES COLS VARIABLE

CARO 6

1-5 MESHR INPUT TAPE NUMBER
(SET = 03

S-L0 IPLOT NOT USED (SET = 0)

11-15 IRSTRT NOT USED (SET = 03

16-20 IELSTO ELEMENT STORAGE FLAG
(SET = 1)

NOTES COLS VARIABLE

CAR3 7

1-5 NUMEL MAXIMUM ELEMENTS IN A
SUBSTRUCTURE

6-10 NUMNP MAXIMUM NODES IN A
SUBSTRUCTURE

11-15 NUmBC MAXIMUM BOUNDARY
CONDITIONS IN A
SUBSTRUCTURE

(6) 16-20 NSTRES STRESS LOCATION FLAG
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CM
gINPUT* FILE

21-25 DUMMY NOT USED (SET = 0

26-30 NBCTMX MAXIMUM BOUNDARY CONDITION
TRANSFORMATIONS IN A
SUBSTRUCTURE

31-35 MPTPMX MAXIMUM TRANSFORNATIONS IN

A SUBSTRUCTURE

NOTES COLS VARIABLE

CARD 8

(7' L-5 MPRMAX MAXIMUM PRESSURE LOADS IN
A SUBSTRUCTURE

6-10 NPIMAX MAXIMUM INTERNAL NODES IN
A SUBSTRUCTURE9 IsEe.
NODES WHICH DO NOT CONNECT
WITH OTHER SUBSTRUCTURES.

11-15 NPBMAX MAXIMUM NODES ON A
SUBSTRUCTURE EDGE, IE.,
NODES WI4ICH CONNECT WITH
OTHER SUBSTRUCTURES.

16-ZO NUMMAX MAXIMUM NODES IN A
SUBSTRUCTURE (SAME AS
#NUMNPQ OF CARD T).

Z1-P5 NSTCON NUMBER OF SUBSTRUCTURES

(8) 26-30 NTPBO TOTAL EDGE CONNECTIONS

31-35 NNIMIN MINIMUM NUMBER OF INTERNAL
NODES IN A SUBSTRUCTURE
(SET = 1)

(95 36-40 MAXBWO MAXIMUM BANDWIOTH/2 OF
INTERSUBSTRUCTURE
CONNECTIVITY

'u10b5 ISUBXP MATRIX SOLUTION FLAG
(SET = 15
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CM
4INPUTs FILE

NOTES COLS VARIABLE

CARD 9

1-5 MASTRS MATRIX SOLUTION FLAG
(SET = 0

6-1C LASTRS SUBSTRUCTURE RESTART FLAG
(SET = O

l-L15 Q NUMBER OF RESTART TAPE
(SET = 0)

is-*0 0 NUMBER OF RESTART TAPE
(SET = 01

Zt-?5 IPROV MATRIX SOLUTION FLAG
(SET = 1

NOTES$

I. THE CURRENT ACTIVE DIMENSIONS IN THE *SUSSTRC'
PROGRAM MAY BE OBTAINED FROM DTNSROC CODE
1720.3.

Z. MAXIMUM *MAXALLs AS OF THIS WRITING IS 63000.

3. #MAXNP# IS THE MAXIMUM NUMBER OF NODES
CONNECTED TO A NODE. INCLUDING TIES. THIS IS
IMPOSSIBLE TO DETERMINE CORRECTLY WITHOUT
ACCURATE KNOWLEDGE OF THE ISUBSTRCf
CONNECTIVITY ALGORITHM. PRECISE COUNTS OF
CONNECTIVITY NMAXNP# AND MODAL 4ALF BANDWIDTH
*MAXBSW ARE CALCULATED BY fWABS", THE
INTERESTED READER IS DIRECTED TO THE OWABS
PROGRAM MODULES WHICH PERFORM THIS CALCULATION
USING EXTREMELY FAST REGISTER ARITHMETIC
(PROCESSING BITS RATHER THAN NUMBERS) THESE
ROUTINES ARCO KIIBAND, KIIBANI, BNDWOTH,
KIIBAlI, LMNBITS, KIIBA2i, AND KIIBA3I.

4o. ADD 1 TO THE MAXIMUM NUMBER OF NODES INVOLVED
IN ANY TIE, AND ENTER THIS NUMBER.
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CM
4INPUT3 FILES NOTES

5. INUMDIS, IS ACTUALLY THE NUMBER OF ALTERATIONS
OF THE MAGNITUDE or THE DISTRIBUTED LOADS IN
ANY SUBSTRUCTURE. FOR EXAMPLE, IF THE LOAD ON

ELEMENT 1 IS 1.0 PSI, ELEMENT 2 IS NOT LOADED,
AND THE LOAD ON ELEMENT 3 IS 1.0 PSI, THE
INTERPRETATION IS$ ELEMENT 1 IS LOADEO WITH 1.0
PSI, ELEMENT 2 IS LOADED WITH 0.0 PSI, AND
ELEMENT 3 IS LOADED WITH 1.0 PSI. ONUMDISN IS
THEREFORE 3, BECAUSE THERE ARE 3 ALTERNATIONS
OF LOAD MAGNITUDE.

6. ONSTRES, IS SET = 0 WHEN STRESSES ARE TO BE
EVALUATED AT A SINGLE POINT WITHIN AN ELEMENT
(USUALLY THE CENTROID). WHEN OMSTRES@ IS
SET = It STRESSES ARE EVALUATED AT ALL
INTEGRATION POINTS.

7. OMPRMAX8 IS THE COUNT OF THE ACTJAL DISTINCT
NON-ZERO PRESSURE LOADS ON A SUBSTRUCTURE. FOR
EXAMPLE, IF THE LOAD ON ELEMENT I IS 1.0 PSI,
ELEMENT 2 IS NOT LOADED, AND THE LOAD ON
ELEMENT 3 IS 1.0 PSI, THE INTERPRETATION IS
THAT IMPRMAXO = it BECAUSE THERE IS 1 DISTINCT
NON-ZERO PRESSURE LOAD.

8. #NTPBO# IS THE LENGTH OF THE INTER SUBSTRUCTURE
CONNECTIVITY ARRAY. SINCE MORE THAN ONE
SUBSTRUCTURE MAY BE JOINED AT AN EDGE, THIS IS
NOT STRICTLY THE SUM OF ALL THE EDGE NODES, BUT
RATHER THE EDGE CONNECTIVITY.

9. #MAXBWOf IS SIMPLY THE MAXIMUM SUBSTRUCTURE TO
SUBSTRUCTURE CONNECTIVITY.

6.5 LIMITATIONS AND REMARKS

1. IT WOULD BE INSTRUCTIVE TO READ THE 6CM
PROGRAM TO APPRECIATE THE 'SUBSTRC, DYNAMIC
STORAGE ALLOCATION PROCEDURE.

29 MINIMUM FIELD LENGTH TO EXECUTE 'CM'S

APPROXIMATELY 35000 WORDS.

3, MACHINES CDC 6000

4o TIME ESTIMATES 5 SECONDS.
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CM i
LIMITATIONS AND REMARKS

5. PROGRAM MAINTENANCES 6CM' IS WRITTEN IN FORTRAN
AND IS MAINTAINED BY THE AJTHOR* THE SOURCE
CODE IS RETAINED AS A SOURCE INPUT FILE TO THE
#UPDATE# UTILITY AS CPIUI 9ID=CSRO. THE
PROGRAM ITSELF IS RETAINED IN RELOCATABLE FORM
AS CMLGO ,IO=CSROo BOTH THE SOURCE AND
RELOCATABLE FILES ARE RETAINED ON PRIVATE DISK
DVL717 AT THE DTNSRDC CDC640oO
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CHAPTER 7

toFLSIFTR

SIFT DISPLACENENrS
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OFLSIFT

INTRODUCTION

7.1 INTRODUCTION

ODFLSIFT' IS AN INTERFACE BETWEEN THE #SU3STRC'
PROGRAM ELEMENT TYPE 8 (DOUBLY CURVED S4ELL TRIANGLE)
AND THE UNIVERSITY OF CALGARY PLOTTINS PROGRAM OCONTO
(REFERENCE (CONT}). AS SUCH, IT PROCESSES THE #SUBSTRC9
INTERMEDIATE DATA FILE <NEWIN> AND THE SUBSTRC
DISPLACEMENT OUTPUT FILE cTAPE61> TO PRODUCE A FILE
<DATA) COMPATIBLE WITH THE BULK OF THE I4PUT DATA TO
0CONT.o #DFLSIFT# MAKES 2 ADDITIONAL FILES WHICH MAY BE
REUSED FOR FURTHER SIFTING.

8OFLSIFT# IS DESIGNED TO FILTER THE fSUBSTRC
INTERMEDIATE FILE 'NEWIN> WITH USER-DEFINED FILTERS.
THUS, tDFLSIFT' WILL PUT ON THE OUTPUT FILE cDATAi ONLY
THOSE ELEMENTS AND COORDINATES WHICH PASS THRU THE
FILTER(S). YOU ALSO HAVE THE OPTION OF UNROLLING AN
AXISYIMETRIC SURFACE ABOUT ONE OF 3 AXES,

OOFLSIFT' IS DESIGNED TO LOGICALLY AND ACTUALLY
SEPARATE EACH SPECIFIC TASK INTO A SINGLE MODULE OR
SUBROUTINE* THIS KIND OF CONSTRUCTION 4AKES FURTHER
CHANGES TO #DFLSIFTf FEASIBLE BY OTHER THAN THE ORIGINAL
DESIGNER. IT IS WRITTEN IN FORTRAN.

7.2 FILES

INPUT USER INPUT, SECTION 3 OF THIS REPORT
GIVES DETAILED EXPLANATIONS OF USER
INPUT.,

OUTPUT PRINTED OUTPUT - USUALLY AOUT A PAGE OR
TWO* THE MAXIMUM, MINIMUM AND
DIFFERENCES OF ITHE COORDINATES AND THE
DISPLACEMENTS ARE PRINTED HERE, WHICH
ALLOWS YOU TO GET AN I3EA OF WHAT THE
INPUT TO 0CONTf SHOULD BE.

NEWIN THE INTERMEDIATE #SUBSTRC" FILE PRODUCED
BY OWABS
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DATA THE CODED #DFLSIFTf OUTPUT -ILE SUITABLE
FOR FURTHER PROCESSING, POSSIBLY BY A

PLOTTING PROGRAM. IT CONTAINS ONE
PARTITION FOR EACH OF THE JISPLACEMENTS.
EAC4 PARTITION ENDS WITH A FORTRAN
WRITTEN 0ENOFILE# MAR, EACH PARTITION
CONTAINS N RECORDS, WHERE N IS THE NUMBER
OF NODES PASSED THRU THE USER-DEFINED
FILTERS. THE FORMAT OF EACH RECORD ON
THE DATA FILE IS (3E15. 79 I). EACH
RECORD IN EACH PARTITION CONTAINS

X, Yp Z, FLAG

WHERE 3

x IS THE REAL K COORDINATE OF THE
INTEGRArION POINT,
v IS THE REAL T COORDINATE OF THE
INTEGRATION POINT,
Z IS THE REAL DISPLACEMENT VALUE AT THE
NODE,
FLAG IS AN INTEGER WHICH SIGNALS THE END
OF THE DATA. FLAG = 0 MEANS MORE DATA
FOLLOWS; FLAG = 99 SIGNALS END OF DATA,

MSXYZ THE MASS STORAGE COOROINATES FILE MADE BY
fOFLSIFT%. IT CONTAI4S ALL THE
COORDINATES NUMBERED SEQUENTIALLY, IT
HAS NO REFERENCES TO SUBSTRUCTURES AT
ALL. TAIS FILE IS SAVABLE.

14SOISP THE MASS STORAGE DISPLACEME4T FILE MADE
BY @DFLSIFTO. IT CONTAINS ALL THE
DISPLACEMENTS PRODUCED BY OSUBSTRC@ AT
ALL THE NODES. IT HAS NO REFERENCES TO
SUBSTRUCTURES AT ALL. TIIS FILE IS
SAVABLE*

T.2.1 A NOTE ON THE <DATA) FILE

TO MAKE THINGS EASIER TO HANDLE 4HEN YOU ARE
VIEWING THE DISPLACEMENTS O A OSCOPE, Y3U MAY WANT TO
USE THE PROCEDURE CRUMBLE TO BREAK THE IATA FILE INTO
PIECES (OF COURSE, CRUMBLE MAY BE USED AT ANY TIME).

TO CREATE A FILE WHICH OSES NOT HAVE ANY END-FILE
MARKS (THAT IS, THE FILE IS ONE HUGE PARTITION)p USE THE
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COPYS SYSTEM UTILITY (DESCRIBED MORE FULLY IN REFERENCE
(CCR})) AS FOLLOWSI

BEGINCOPYS, ,COPYJOATAPNEWFIL.
REWIND NEWFILo

NOTE THAT THE INPUT DATA EXPECTED BY #CONT# IS TO
COME FROM TAPE8, TAPE9, OR TAPEIO, SO YOU MAY HAVE TO
LOCALLY RENAME THE DATA FILE OR THE OUTPUT FILES OF
CRUMBLE AT THE SCOPE* YOU CAN DO THIS WITI THE INTERCOM
COMMANDS (REFERENCE (IHTERCOM))t

UNLOAD, OLDLFNCCR>
BATCH, OLOLFN, RENAMENEWLFN<CR>

WHERE OLDLFN IS THE OLD LOGICAL FILE NAME, NEWLFN
IS THE NEW LOGICAL FILE NAME, AND <CR>- NEANS CARRIAGE
RETURN.

7.3 USER INPUT

7.3.1 INTRODUCTION

INPUT IS HANDLED WITH DIRECTIVES AN3 DATA CARDS
ASSOCIATED THEREWITH. INPUT DATA ARE FREE FORMAT,
SEPARATED BY A COMMA OR BLANK(S). THERE ARE THREE TYPES
OF DATA EXPECTED AS INPUTI INTEGER REAL AND ALPHABETIC.
INTEGER INPUT AND REAL INPUT FOLLOW THE JSUAL FORTRAN
CONVENTIONS, I.E. INTEGER IS ENTERED WITIOUT A DECIMAL
POINT, REALS ARE ENTERED WITH A DECIMAL POINT (AND MAY
BE IN EXPONENTIAL FORM). ALPHABETICS ARE USED FOR
INPUTTING THE DIRECTIVES AND THE RELATIONS USED TO
DEFINE THE FILTERS. THE DATA TYPES ARE INDICATED IN THE
INPUT DESCRIPTIONS AS $If FOR INTEGER, 'Rl FOR REAL, AND
@A# FOR ALPHABETIC.

FILTERING IS PERFORMED ON THE NODAL COORDINATES.
ANY NODE WHICH HAS COORDINATES WHICH DO NOT PASS THRU
THE USER DEFINED FILTERS ARE ELIMINATED.
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USER INPUT - DIRECtIVES

7 e3.e2 DIRECTIVES IN OFLSIFTg

THE FOLLOWING DIRECTIVES ARE AVAILABLEI

PICTURE DEFINITON DEFINE THE EXTENT OF THE
PICTURE TO BE DRAWN.

UNROLL UNROLL A SURFACE INTO 20

XYZ FILTER FILTER ELEMENTS PER COORDINATE

DATA
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7.3.2.1 PICTURE DEFINITION

PICTURE DEFINITION ALLOWS YOU TO DEFINE THE LIMITS
OF YOUR DISPLAY AND HENCE 9ZOOM0 IN ON AN AREA OF
INTEREST* PICTURE DEFINITION IS A 2 CARD 3LOCK,

DATA
NOTES TYPE VARIABLE

CARD 1

(1) A CARD @PICTURE DEFINITION#

(2) CARD 2

(3) R XLL X COORDINATE OF THE LOWER
LEFT CORNER OF THE PICTURE

R YLL Y COORDINATE OF THE LOWER
LEFT CORNER OF THE PICTURE

R XUR K COORDINATE OF THE UPPER
RIGHT CORNER OF THE
PICTURE

R YUR V COORDINATE OF THE UPPER
RIGHT CORNER OF THE
PICTURE

NOTES8

I. START IN COLUMN to IT IS IMPORTANT TO INCLUDE
ONE AND ONLY ONE BLANK BETHEEN THE WORDS!

2. EACH ENTITY ON A CARD IS SEPARATEO FROM THE
OTHERS BY EITHER A COMMA (,) OR A BLANK ( ).

3. IF THE @UNROLL* DIRECTIVE IS USED
SIMULTANEOUSLY WIT4 *PICTURE DEFINITIONP
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SPECIFY THE PICTURE DEFINITION IN TERMS OF THE
UNROLLED STRUCTURAL DIMENSIONS. THUS, IF A
CYLINDER OF DIAMETER 10 IS UNROLLED ABOUT THE Y
AXIS, THE RANGE OF X DIMENSIONS TO CONSIDER FOR
PICTURE DEFINITION IS FROM 0 TO 31*415,

EXAMPLES EXCLODDE FROM THE DISPLAY ALL THOSE NODES
WHICH LIE OUTSIDE THE UNIT SQUARE,

SOLUTION: PROVIDE A PICTURE DEFINITION TO ODFLSIFTf
AS FOLLOWS:

PICTURE DEFINITION
00, 11
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7.3.2.2 UNROLL

UNROLL PERMITS YOU To DISPLAY A SURFACE IN 2
DIMENSIONS BY UNROLLING IT ABOUT AN AxIS. DEFAULT IS
NOT UNROLL, THAT Is, IF THlE UNROLL DIRECTIVE IS NOT
SELECTED, THE VIEW WILL BE A PROJECTED IMAGE, UNROLL IS
A TWO CARD OPTION.

DATA
NOTES TYPE VARIABLE

CARD I.

(1) A CARD RUNROLLI

(2) A CARD AXIS NAME OR NUMBER

CARD 2

(3) R X FIRST COORDINATE OF
UNROLLING CE4TER

R Y SECOND COORDI1NATE OF
UNROLLINS CENTER

NOTrES*I

to ENTER THE WORD #UNROLL@ BEGINNING IN COLUMN to

Z. PERMISSIBLE AXIS NAMES ARE X, @yet #zoo
SYNONYMS ARE 1,f 2,9 AND 03, RESPECTIVELY.
THE AXIS NAMES ARE SEPARATED FROM THE DIRECTIVE
BY A COMMA ( 9) OR ONE OR MORE 8LANI(S ( ) .

3. THE COORDINATES OF UNROLLINS CEIITER ARE GIVEN
IN THE ORDER X-Y, Y-Et OR Z-xq DEPENDING ON THE
AXIS SPECIFIED ON CARD 1.
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EXAMPLES UNROLL A CYLINDER LOCATED AT THE ORIGIN
WITH ITS AXIS COINCIDENT WITH THE Z AXIS.

SOLUTIONS USE THE FOLLOWING INPUT:

UNROLL Z
0.0, 0.0
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7,32.3 XYZ FILTER

XYZ FILTER PERMITS YOU TO EXCLUDE HODES FROM A
DISPLAY WHICH O NOT LIE WITHIN A REGION SPECIFIED BY
COORDINATES OF THE GRIDPOINTS. XVZ FILTER IS A THREE
CARO-TYPE SET* CARD 3 MAY BE REPEATED UP TO 20 TIMES,
GIVING A MAXIMUM NUMBER OF DEFINABLE FILTERS OF 20.

DATA
NOTES TYPE VARIABLE

CARD i

(1) A CARD OXYZ FILTERP

CARD 2

(2) I NXTESTS NUMBER OF XYl FILTSR TESTS

(3) CARD 3.1

(4) I FLTRCRD NUMBER OF TIE COORDINATE

TO BE FILTERED

(5) A XTSTREL RELATIONAL SPECIFICATION

R XTEST VALUE TO BE USED IN THE
FILTER

NOTESI

1. START IN COLUMN 1. IT IS IMPORTANT TO INCLUDE
ONE AND ONLY ONE BLANK BETWEEN THE WORDS1

2. THE MAXIMUM NUMBER OF FILTERS IS 20.

3. REPEAT CARDS IN TiIS SET UNTIL ALL THE REQUIRED
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FILTERS HAVE BEEN DEFINED. EACH ENTITY ON A
CARD IS SEPARATED FROM THE 0T4ERS BY EITHER A
COMMA (t) OR A BLANK ( ).

4o. ANY OF THE COORDINATES MAY BE SPECIFIED IN A
FILTER*

S. RELATIONS WHICH ARE TO BE USED IN rHE FILTERS
ARE LIMITED TO THE FOLLOWIIG VALID TWO
CHARACTER ALP4ABETIC ENTRIESS

EQ - EQUAL;
GE - GREATER THAN OR E2UAL TO:
GT - GREATER THAN;
LE - LESS THAN OR EQUAL rO;
LT - LESS THAN;
NE - NOT EJUAL TO.

EXAMPLES PLOT ONLY THOSE COORDINATES WHICH LIE
BETWEEN X COORDINATE 3.0 AND 15.0.

SOLUTIONS ESTA3LISH A fOFLSIFTf FILTER AS FOLLOWSI

XYZ FILTER
2
3,GE,3. V
39LE,15. 0
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7.4 EXECUTION

7*4*1 FROM 8ATCH...FIRST RUNE

JOBCAROP CHI 0000.,
CHARGEvYOURvG0BBLVGOOK.

COMMENT. PRODUCE FILE CNENINo.
C OM MENT* ----------------
ATTACH, WABS9, D=CSPR*
ATTACH, DATATOURDATAIO=fOUR.
WASS*
UNLOAD 9WABSDATA.
COMMENT*c ------------------- a---ee------ ..

COMMENT. ATTACH TAPE619 RESERVE PERM FILE
COMMENT* SPACE FOR OTHER FILES.
C OM MEN T . ---- - - ---------------------- acc-

ATTACHTAPE6iYOURTAPE61FROMSUBSTRC, I2VOUR.
REQUESTMSXYZ,'PF.s
REQUEST, MSDISP9*PFe
REQUEST, DATA, 'PF.
COMMENT. ------------- aceee

COMMENT. EXECUTE DOFLSIFT*, SAVE FILES
C OMMNENT* ---a-----------------------------------
ATTACH, OFLS IF!, IDCSPR*
DFL SIFT, q ,NEWIN.
CATALOGNSXYZYOURMSXYZANALYSISNAME, IIJYOUR.
CArALOGMsOISPVDURNSDISPANALVSISAMEID=OJR.
CATALOGOATAVOURANALTSISNAI4FPLOTOATAID=TOURo
CA! ALOGTAPEII, YOURANALYSrSNAMETAPEii, IOYOUR.

7.4o2 FROM BATCHoooSUBSEQIENT RUNSI

JOBC ARD, CM?00 00
Ct'ARGE, YOURtGOBBLYGOOK*

COMMENT. ATTACH PERM FILES, REQUEST SmACE FOR
COMMENT. cOATAD-
C ONME NT .c cc e cc ce eae -- -- -- - -- -- -- - ----------- c ce

Al rACNMSXYZVOURM4SXYZANALYSISNAMEID=YOUR.
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ATTACMPMSDIspOIJuRmsoISPAMALYSISNAME,ID:YOUR.
REQU ES T9 OAT At vLPF.

COMMENT. EXECUITE DOFLSIFTfq SAVE FILES
COMMENT. -------------------------
ATY ACM, OFLSIFTr, I=CSPR*
OFLSIFT v ,,9NEW[Ne
CArALOGPoArAtYOURANALvSISNAMEPLoTDATAIO=YOUR.

7.4.3 FROM TTY

NOT POSSIB3LE BECAUSE ODFLSIFTf TAK(ES rOO MUCH CM.

1.4.4 DEFAULT EXECUTE CARD

DFLSIFTINPUTOUTPUTINFILE,DATATAPE61,DUMMY,MSOISP,
DUMMY ,NSXTl.
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7.5 LIMITATIONS AND REMARKS

1. LARGEST NUMERICAL MODELI 2048 ELEIENTS AND 2048
NODES.

2, ELEMENT TYPES HANDLED$ 6 (DOUBLY CURVEn SHELL
TRIA W2LE) AND 20 (DOUBLY CUJRVED SHELL
QUADRILATERAL).a

3. MACHINES COG 6000 SERIES.

'.. CENTRAL MEMORY$ 70000 WORDS.

5e TIME ESTIMATES ABOUT 5 NODES PER CPU SECOND.

6o PROGRAM MAINTENANCE: THlE PROGRAM IS CURRENTLY
BEING MAINTAINED BY THE AUTHOR. SOURCE CODE IS
LOCATEO IN THE UPDATE PRO;RAM LIBRARY
CSROOFLSIFTPLe IO=CSRO. COMPILED ROUTINES ARE
IN THE PRELOAD LIBRARY CSROOFLSIFTPREP ID=CSRO*
ABSOLUTE (TASK LOADEDI) FILE IS OFLSIFTID=CSPR.o
COPIES OF THE FILES ARE MAINTAINED ON DISK
DVV*7170

re PLACES FOR IMPROVEMENTS DOFLSIFT# COULD BE
EXTENDED TO HANDLE ALL THE ELEMENT TYPES IN THE
#SUBSTRCf LIBRARY.
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7.6 FILE STRUCTURE

THE KNOWLEDGE OF THE FILE STRUCTURE USED BY
#OFLS&7T* IS NOT NECESSARY FOR ITS USE. HOWEVER, THIS
KNOWLEDGE MOULD BE INVALUABLE TO SOMEONE WIO WISHED TO
MODIFY THE PROGRAM. HENCE, THIS SECTION DESCRIBES THE
MASS STORAGE RANDOM ACCESS FILES USED BY NOFLSIFT,

7.6.1 MSXYZ

MSXYZ IS THE MASS STORAGE COORDINATES FILE.

7.61ol MAIN INDEK

THE MAIN INOEX IS NAMED %MASTER DIMENSIONED 5 WORDS

WORD ADDRESS TOI
1 TOTNODS(2) - THE TOTAL NUMBER OF NODES AND ELEMENTS
2 XLISTYP(TOTNODS) - A LIST OF THE TYPE OF ELEMENT TO

WHICH THIS GRIDPOINT BELONGS
3 XYZXTH(1It2) - A LIST OF THE EXTREME VALUES OF

COORDINATES FOR THIS ANALYSIS. NOTE THAT AN ANALYSIS
WHICH USES SEVERAL KINDS OF ELEMENTS WILL PROBABLY
HAVE MIXED UP EXTREME VALUES.

4 XYZNDX(2048) - THE SUBINDEX TO THE FILE

1.6oLo2 SUBINDEX

XYZNDX IS SET AS THE FILE SUBINDEX WITH A CALL TO
STINDX. EACH ENTRY IS A POINTER TO THE COMPLETE SET OF
COOROINATES FOR THE GRIOPOINT! E.Go, XYZNOX(273) POINTS
TO ALL THE COORDINATES ASSOCIATED WITH THE 2?3RD NODE
(SEQUENTIALLY) IN THE ENTIRE STRUCTURAL MODEL.
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7.6.2 nSDISP

"SDISP IS THE MASS STORAGE O[SPLACEME4IT FILE*

7.6.2.1 MAIN INDEX

THE MAIN INDEX TO THE FILE IS NAMED OMASTER
DIMENSIONED 5 WORDS*

WORD ADDRESS TOI
1 DISPNDX(20.6) - THE FILE SUBINDEX
2 OISPXTM(13,2) - THE EXTREME DISPLACEMENT VALUES.
3 OPLOTS(i3) - THE ARRAY WMICH TELLS WHICH (IF ANY)

PLOTS ARE TO BE MADE.
IF DPLOTS(I) = ly PLOT THIS DISPLACEMENT,
IF DPLOTS(I) =0, DO NOT PLOT THIS DISPLACEMENT.

4 TorNODS(2) - THE TOTAL NUMBER OF NODIES AND ELEMENTS

7.6.2.2 SUBINDEX

DISPNOX IS SET BY A CALL TO STINOX. EACH CELL OF
0ISPNOX IS A POINTER TO THE SET OF DISPLACEMENTS FOR A
NODE. THUS, fFOR L[BRARY ELEMENT TYPE 6 FOR EXAMPLE,
DISPNDX('.56) POINTS TO A 9 # I ARRAY OF DISPLACEMENTS
FOR THE 456TH NODE (SEQUJENTIALLY) IN THE ENTIRE
STRUCTURAL MODEL.
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PROCIEDURES I

CYBER CONTROL LANGUAGE

(CCL)

PROCEDURES FOR THE

*SUBStRC* USER
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INTRODUCTION

8,1 INrRODUCTION

THE CONTROL DATA CORPORATION NOS/BE CYBER CONTROL
LANGUAGE (CCL) ALLOWS YOU TO MANIPULATE CONTROL
STATEMENTS, AND WRITE CONTROL CARD "PROGRAMS"* VARIOUS
VERBS

" CAUSE CONTROL STATEMENTS TO BE SKIPPED OR PRCCESSED
CO4DITIONALLY

" PROCESS AND REPROCESS A GROUP OF CONTROL STATEMENTS
(I.E., LOOPS)

" MANIPULATE CCL SYMBOLIC NAMES

" CONTROL PROCESSING OF DIFFERENT GROUPS OF CONTROL
CARDS (SUBROUTINES)

SEVERAL FUNCTIONS ARE PROVIDED FOR USE IN
EXPRESSIONS, DATA MAY BE IMBEDDED IN PROCEDURES, AND A
LIMITED APITHMETIC CAPABILITY IS OFFERED.

CCL IS AN EXTREMELY POWERFUL TOOL FOR THE USER OF
COC COMPUTEPS. THE CAPABILITY AVAILABLE THRU THE USE OF
CCL IS CONSTOERABLE, AND INTERESTED READERS ARE DIRECTED
TO CHAPTER 5 OF (NOS/BE} AND TO (DTNSRDC/CCL)}

THREE PROCEDURES HAVE BEEN WRITTEN WHICH SIMPLIFY
THE USE OF GSUBSTRCN AND ITS AUXILIARY PROGRAMS, THESE
PROCEDURES: 'CRUMBLE , HOLDO, AND 'RESTORE% ,  ARE
DESCRIBED IN THIS CHAPTEP,
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8.2 OCRLMBLE0

6CRIIMBLE0 IS A PROCEDURE USED IN CONJUNCTION WITH
THE PROGRAMS ODFLSIFT@ AND fSTRSIFTe IT BREAKS THE
<OATAo FILES PRODUCED BY THESE PROGRAMS INTO CONVENIENT
CHUNKS FOR VIEWING SPECIFIC DISPLACEMENTS OR STRESSES AT
A TEKTRONIX DISPLAY TERMINAL.

8.2.1 EXECUTION

A TT ACH,PROCFIL, CCLL IS FID=CSRO.
ATrACI4,OATA ,YOUROATAFROMDFLSIFTORELSE WHERE, IO=YOUR.
BEGIN, CRUMBLEPRocFILDATATAPEN=7.

EACH4 ENTRY IN THE #BEGIN# STATEMENT IS EXPLAINED AS
FOLLOWS:

* BEGIN - START THE PROCEDURE

e CRUMBLE - PROCEDURE NAME TO BE STARTED

*PR3GFIL - FILE ON WHICH THE PROCEDURE RESIDES

*DATA - NAME OF FILE TO BE CRUMBLED (DEFAULT NAMES
DATA).

" TAPE - FIRST 4' CHARACTERS OF THE NAME OF EACH PIECE
OF T'4F CRUMBLED FILE. (DEFAULT NAMES TAPE). NOTE
TH4AT THE MAXIMUM NUMBER flF CHARACTERS IN THIS NAME
Is 7.

" = - HOW MA NY PIECES ARE ON THE FILE (DATA2,
(DEFAULT NUMBERS 7)

AFTER TI4E EXECUTION OF THIS *BEGINq YOU WILL HAVE
THE FOLLOWING #LOCAL# FILES AT YOUR TERMINALS PROCFIL,
DATA* T4PEI, TAPE2, TAPE3, TAPE'., TAPE5, TAPE6, TAPE7,
IF TH4E cDATAj, FILE WAS INDEED PRODUCED BY fDFLSIFTf9 THE
<TAPEIh WILL CONTAIN THE DISPLACEMENTS FOR DEGREE OF
FREEDOM I Or THE STRUCTURE. YOU MAY PROCESS THESE AS
YOU MIS40 TYPICALLY, YOU MIGHT WANT TO DRAW CONTOURS
USING ONE OF THE CONTOUR PLOTTERS (E.G., ICONTO)
AVAILABLE ON THE SYSTEM.
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8o3 RHOLD0

@HOLD@ WAS WRITTEN TO SIMPLIFY THE CATALOGING OF
RESTART FILES AND TO FACILITATE THE USE OF A UNIFORM
IDENTIFIER FOR ALL THE FILES ASSOCIATED WITH A NONLINEAR
ANALYSIS*

fSU3STPCf USES THE FILES <TAPE2,v <TAPE31ot .TAPEL2,*
AND <TAPES*> FOR RESTARTING A NONLINEAR ANALYSIS. IT
ALSO PRODUCES <TAPE61io CONTAINING THE DISPLACEMENT
VECTOR, AND (cTAPE62)- AND <TAPE63> CONTAINING THE STRESS
VALUES FOR FACH LOAD INCREMENT. *HOLD* PERMITS ALL OF
THESE FILES TO BE SAVED WITH A SIMILAR PERMANENT FILE
NAME FOR EASY IDENTIFICATION AND FOR SIMPLE PROCESSING
BY T4E PROCEDURE #RESTART@* IT HANDLES ALL RE2UESTS FOR
PERMANENT FILE SPACE, SO YOU NEED NOT MAKE ANY SEPARATE
REQUESTS FOR THIS.

NOTE THAT THE DTNSROC CDC PERMANENT FILE SYSTEM
PERMITS UP TO FIVE @CYCLES# OF PERMANENT FILES WITH THE
SAME NAME. THUS, THE SAME 4HOLD' STATEMENT IS USABLE A
MAXIMUM OF FIVE TIMES. FURTHERMOPE, YOU SHOULD OBSERVE
THE SIZES OF THE FILES PRODUCED BY fSUBSTRCf AND STORE
THEM IN THE MOST ECONOMICAL PLACE WHEN THE ANALYSIS is
COMPLETE. THIS MAY BE MAGNETIC TAPE OR PRIVATE
015 KP AC K.

8.3.1 EXECUTION

#HOLD# IS EXECUTED AFTER THE ANALYSIS OF THE
MATHEMATICAL MrOEL BY 0SUBSTRCfe

JOB,..
CHARGE,...
ATTACHNEWINYOURNEWINFILE, I D=YOURe
ATTACHSUBSTRC, ID=CSPRe
ATTRCHgPROCFIL, CCLLIBIn=CSPO.
SUBSTRC, NFWIN@
BEGtNHOLDvPROCFIL9

TITLELESSTHAN32CHARACTERSID=YOUR9
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EACR ENTRY IN THE *BEGIN@ STATEMENT IS EXPLAINED AS

FOLLOWSI

" BEGIN - START THE PROCEDURE

• HOLD - PROCEDURE NAME TO BE STARTED

* PRDCFIL - FILE ON WHICH THE PROCEDURE RESIDES

* TITLELESSTHAN32CHARACTERS - A STRING OF UP TO 32
CHARACTERS DESCRIPTIVE OF THE ANALYSIS. ALL FILES
CATALOGED BY *HOLD@ WILL HAVE THIS STRING AS THE
PREFIX, AND THE STRINGS OTAPE* AND OXX8 APPENDED AS
THE PERNAN'NT FILE NAME. 'XX, IN THIS CASE IS THE
NUMBER OF THE TAPE TO BE CATALOGED1 EITHER 2, 3, 4,
St Si, 62, OR 63. FOR EXAMPLE, THE STATEMENT AS
WRITTEN ABOVE WOULD CATALOG THE FILES

TITLELESSTHAN32CHARACTERSTAPE2
TITLELESSTHAN32CHARACTERSTAPE3
TITLELESSTHAN32CHARACTERSTAPEL
TITLELESSTHAN32CH ARACTERSTAPE8
TITLELESSTHAN32CHARACTEPSTAPE61
TITLELESSTHAN32CHARACTERSTAPE62
TIrLELESSTH AN32CHARACTERSTAPE63

o IO=YOUR - ENTER YOUR USER IDENTIFIER
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8.4 'RESTART'

*RESTART# WAS WRITTEN TO SIMPLIFY THE RESTART OF
NONLINEAR 'SUBSTRCe ANALYSES9 AND TO FACILITATE THE USE
OF A UNIFORM IDENTIFIER FOR ALL OF THE FILES ASSOCIATED
WITH A NONLINEAR ANALYSIS. fRESTART" OBTAINS THE FILES
<TAPE23t <TAPE39 <TAPE4> AND <TAPES> NECESSARY FOR
RESTARTING THE #SUBSTRC' ANALYSIS THROUGH THE EXECUTION
OF A SINGLE CONTROL CARD.

RRESTART' IS EXECUTED PRIOR TO THE RESTART
ANALYSIS.

8.4.1 EXECUTION

CHARGE,...
ATTACHPROCFIL, CCLLIB, ID=CSRO.
BEGTIN,PESTARTPROCFIL,

TITLELESSTHAN32CHARACTERS,ID=YOUR.
ATTACHIN,YOURRESTARTINPUTIO=YOUR.
ATtACHSUBSTRC, ID=CSPR.
SU8STRCIN.

EACH ENTRY IN THE #BEGIN' STATEMENT IS EXPLAINED AS

FOLLOWS1

. BEGIN - START THE PROCEDURE

o RESTART - PROCEDURE NAME TO BE STARTED

o PROCFIL - FILE ON WHICH THE PROCEDURE RESIDES

o TItLELESSTHAN32CHARACTERS - A STRING OF UP TO 32
CHARACTERS DESCRIPTIVE OF THE ANALYSIS. THIS IS
MOST EASILY ORTAINEO FROM THE EXECUTION OF THE
PROCEDURE #HOLD* AFTER AN EARLIER ANALYSIS STEP.
NOTE THAT THIS STRING MUST MATCH THE NAMES OF SOME
PERMANENT FILES CATALOGED ON THE SYSTEM. FOR
EXAMPLE, THE STATEMENT ABOVE WOULD ATTEMPT TO
ATTACH THE FOLLOWING FILES$
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TI! LELESST4AN32CHARACTERSTAPE2
TITLELESST4AN32CHARACTERSTAPE3
TITLELESSTI4AN32CHARACTERSTAPEL
TITLELESSTI4AN32CHARACTEPSTAPE 8

*IOzVOUR - USER IDENTIFIER UNDER WHICH TH4E FILES
WAVE BEEN CATALOGED* (DEFAULT 101 CSRO)
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#REVISER

REVISE RESTART FILES

145



REVISE

INTRODUCTION

9.1 INrRODUCTION

*REVISER WAS WRITTEN TO PERMIT YOU TO ALTER THE
NEXT INCREMENT OF PRESSURE LOADING AND TO CHANGE THE
DEGREE OF FREEDOM BEING MONITORED AS THE CONVERGENCE
CRITERION*

THE PROGRAM OSUBSTRCO SOLVES NON-LINEAR PROBLEMS IN
AN INCREMENTAL FASHION. YOU PROVIDE A SCHEDULE OF LOAD
FACTORS WHICH ARE APPLIED TO THE PREVIOUS LOAD FACTOR TO
PRODUCE A TOTAL LOAD STATE ON THE MATHEMATICAL MODEL.
ADOITIONALLY THE DISPLACEMENT VECTOR FOR THE NEXT
INCREMENT OF LOAD IS -GUESSED" BY LINEAR EXTRAPOLATION
TO ATTEMPT TO REDUCE THE AMOUNT OF COMPUTING NECESSARY
TO ATTAIN CONVERGENCE. @REVISE' IS A FAST WAY TO MODIFY
THE RESTART TAPE TO PRODUCE THE APPROPRIATE RESTART
CONDITION. THIS MAY BE NECESSARY, FOR EXAMPLE, WHEN
CONVERGENCE IS NOT ATTAINED AT A LOAD STEP, AND YOU WISH
TO SUPPLY ONLY A FRACTION OF THE NEXT LOAD STEP. BEFORE
fREVISEf WAS WRITTEN, THE ENTIRE PREVIOUS ANALYSIS STEP
IN OSUBSTRCf HAD TO BE RUN TO PRODUCE THE PROPER RESTART
TAPE.

CONVERGENCE TO AN EQUILIBRIUM POSITION AT SOME LOAD
LEVEL IS DETERMINED BY THE DIFFERENCE BETWEEN THE
DISPLACEMENTS OF THE STRUCTURE AFTER ITERATION I AND
ITERATION 11. THE MEASURE USED IS THE DISPLACEMENT OF
SOME USER SPECIFIED NODE AND DEGREE OF FREEDOM (YOU
ESSENTIALLY SPECIFY THE DEGREE OF FREEDOM AT WHICH THE
INFINITY NORM OF THE DISPLACEMENT VECTOR OCCURS)*
DURING OEFORMATION OF THE STRUCTURE, THE DEGREE OF
FREEDOM WHICH HAS THE LARGEST DISPLACMENT MAY CHANGE DUE
TO THE ASSUMPTION OF DIFFERENT MODE SHAPES BY THE
STRUCTURE. HENCE, IT MAY SOMETIMES BE NECESSARY FOR YOU
TO CHANGE THE DEGREE OF FREEDOM BEING MONITORED FROM
LOAD INCREMENT TO LOAD INCREMENT. *REVISER PERMITS THIS
MODIFICATION, WHEREAS THE USE OF NSUBSTRC" ALONE WOULD
NOT.

#REVISER FITS INTO A NONLINEAR ANALYSIS AS FOLLOWS1

Is PREPARE INPUT DATA FOR *WAS#

2e RUN fWARS0, SAVE FILE <NEWIN>,

3o RUN "SUBSTPCf, SAVE PFSTAPT TAPES (SEE
PROCEDURES *HOLD* AND 'RESTART's CHAPTER 81.
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INTRODUCTION

4. EXAMINE *SUBSTRCO OUTPUT FOR CONVERGENCE.

IF ANALYSIS IS COMPLETE, STOP.

IF THE LOAD STEP MUST BE MODIFIED, OR THE
MONITORED NODE CHANGED, RUN 'REVISE', MODIFYING
THE LAST FILE WRITTEN BY OSUBSTRC' AS EITHER
<TAPE3> OR <TAPE82-

5. GO TO STEP 3,

OREVISEN IS WRITTEN IN 'RATIONAL FORTRAN# (RATFOR)
AND IS MODULAR IN CONSTRUCTION. IT MAY THUS BE EASILY
EXTENDED TO INCORPOPATE OTHER FEATURES YOU MAY DESIRE,

@REVISE' IS TOO LARGE TO RUN AS AN INTERACTIVE JOB
ON THE OTNSROC CDC6000 COMPUTERS, AND MUST BE RUN AS A
BATCH JOB,

9.2 FILES

THE FOLLOWING FILES ARE USED BY 'REVISE'3

INPUT USER INPUT.

OUTPUT USER MESSAGES

OLDTAP RESTART TAPE TO BE MODIFIED (EITHER
<TAPE3> OR <TAPE8))

NEWTAP MODIFIED RESTART TAPE

ZZZXXX SCRATCH FILE TO TEMPORARILY STORE
SUBSTRUCTURE DISPLACEMENTS
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EXECUTION

9.3 EXECUTION

9.3.1 AS A BATCH JOB

TO RUN 6RFVISEv, ONE MAY EXECUTE THE FOLLOWING
CONTROL CARDS:

JOBCM77000,e.
CHARI;EYOURvGOBBLVGOOK.
ATTACHOLDTAPYOURRESTARTTAPE30R8, IO=YOUP.
ATTACH, INYOURRE VISEINPUTFILEIO= YOUR.
ATTACHREVISE, ID=CSPP.
REQUEST, NEWT AP,#PF.
RFVISF, IN.
CATALOG, NE UTAP, YOURRESTARTTAPE3OR8REVISEDPID=YOUR9

9.3.2 INTERACTIVE

NOr POSSIBLE BECAUSE vREVrSE, IS TOO LARGE*

9,393 DEFAULT EXECUTION

THE DEFAULT EXECUTION OF *REVISE# Is:

REVISEINPUTOUTPUTOLOTAPNEWTAPZZZXXX.
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USER INPUT

9o, USER INP'!T

T4E #RFVISFO INPUT FILE IS MADE IN TWO PARTS: PART

ONE DESCPIBES THE MODIFICATIONS NECESSARY TO ,OLDTAPI,
AND PART TWO IS COMPRISED OF THE INTERMEDIATE FILE

<NEWIN> PRODUCED BY 0WABS, THE TWO FILE PAPTS APE

SEPARATED WTTH A 7/8/9 CARD,

g4,1 CINPUT> FILE, PART I

INPUT DATA ARE FREE FORMAT, SEPARATFD BY A COMMA OR

PLANK(Sl, THERE APE TWO TYPES OF DATA EXPECTED AS
INPUTI INTEGER, AND REAL* AN INTEGER IS ENTERED WITHOUT
A DECIMAL POINT* A REAL IS ENTERFD WITH OR WITHOUT A

DFCIMAL POINT (AND MAY BE IN EXPONENTIAL FORM). THE
DATA TYPES ARE INDICATED IN THE INPUT DESCRIPTIONS AS
#It FOR INTEGFR9 AND OR# FOR REAL.

DATA
NOTES TYPE VAPIABLE

(1) CARD 11

(2) R FACOLD PRESSURE FACTOR IN
PREVIOUS RUN

p FACNFW PRESSURE FACTOR TO BE

APPLIED
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<INPUTD. FILE, PART 1

(3) CARD 1.?

I NEWNOD NEW NODE NUMBER TO BE
MONITORED

I NEWOOF DEGREE OF FREEDOM AT
#NEWNODO TO BE MONITORED

CARD 1.3

(5) 7/8/9 CARD

NOTES$

1. THIS CARD IS ALWAYS REQUIRED.

Z. fSUBSTRCf INCREASES THE LOADING ON THE
MATHEMATICAL MODEL IN INCREMENTS WHICH ARE
OBTAINED FROM PREVIOUS PRESSURE LOADING
INrREMENTS, FOR EXAMPLE, ASSUME THE LOADING
SFOUENCE ON THE MODEL IS TO BE 1000, 20009 3C10
AND 4000 PSI. ASSUME FURTHER THAT THE INITIAL

PUN WILL BE MADE THRU 3000 PSI, WITH A RESTART

TAPE THEN READY TO EXECUTE A LOAD STEP OF 40CC.
THE INPUT DATA TO OSUBSTRCO NECESSARY TO
PRODUCE THIS LOADING HISTORY REQUIRES THAT THE
INITIAL LOAD (i000 PSI) BE APPLIED IN THE
APPROPRIATE SUBSTRUCTURES THRU THE USE OF
EITHER DISTRIBUTED OR CONCENTRATED LOADS, AND
THE FOLLOWING INPUT PROVIDED IN THE fSUBSTRCf

LOADING HISTORY BLOCK (SEE CHAPTER 13)I

PROPORTIONAL INCREMENT
1.
PROPORTIONAL INCREMENT
I'0
PROPORTIONAL INCREMENT
1.0
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<INPUT) FILE, PART I

LETTING fLOADI" INDICATE THE LOAD VALUE AT STEP
I AND "DELLOAniO AS THE LOAD INCREMENT FROM

LOAnTI' To *LOADI.1*, WE SHOW THAT "SUBSTPCI
USES VALUES OF #FACTO' TO INCREASE THE LOAD
LEVELS AS FOLLOWSI

LOADt = DELLOADI = 1000

LOAn2 = LOADI + (FACTO DELLOADII
= iOCO + ( 1,o0icoo )
= 2000

DELLOAD2 = FACTO*DELLOADI = 1.) * IO = 1000
LOAD3 = LOAD2 f DFLLOAD2 = 2UtC + 1000 = 3000

OELLOAD3 = FACTO*DELLOAD2 = 1,3 * 1000 = 100C
LOAD. = LOAD3 + DELLOAD3 = 3GCC + 1000 = r00

ASSUME NOW THAT THE ANALYSIS HAS PROCEEDED UP
THRU 3000 PSI AND THE RESTART TAPES ARE READY
FOR ANALYSIS AT 4000 PSI. WE DETERMINE FROM AN
EXAMINATION OF THE STRUCTURAL BEHAVIOR,
HOWEVER, THAT WE WOULD RATHER PERFOPM AN
ANALYSIS AT 350CC THIS LOADING WOULD REQUIRE A
'FACTO# OF 0,5 RATHER THAN 1.01 THUS, NFACOLDO
IS ENTERED AS 1.,9 AND IFACNEWO IS ENTERED AS
0 ,5

3. THIS CARD IS OPTIONAL* IF IT IS NOT DESIRABLE
TO CHANGE THE MONITORED DEGREE OF FREEDOM, YOU
SHOULD OMIT THIS CARD.

4. INEWNOOB MUST OCCUR IN THE FIRST SUBSTRUCTUPE.

5o TH SYMBOL f7/8/90 MEANS THAT A 7, AN 8 AND A 9
ARE PUNCHED IN THE SAME CARD COLUMN (USING THE
MULTIPUNCH FEATURE OF THE KEYPUNCH MACHINFE.
7/8f9 IS PUNCHED IN COLUMN 1 TO PRDVIOE THE
NECESSARY <INPUT) FILE PART SEPARATOR.

IT IS PROBABLY EASIEST TO COMPOSE THE (INPUT>
FILE FROM AN INTERACTIVE TEPMINAL USING ONE OF
THE SYSTEM EDITORS. IF YOU USE ONETEDe, THE
7/919 CARD IS REPRESENTED BY THE 3 CHARACTERS
'EOFf TYPED BEGINNING IN COLUMN i OF A LINE.
IF YOU USE *EDITOR# (NOT RECOMMENDED), THE
7/8f9 CARD IS REPRESENTED BY THE . CHARACTERS
'=EOFI TYPED BEGINNING IN COLUMN i OF A LINE*
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<INPUT) FILE, PART 2

9,4.2 (INPUT) FILE* PART 2

PART 2 OF THE <INPUTD FILE IS COMPRISED OF THE
FIRST 9 CARDS OF THE *WABS INTERMEDIATE FILE <NEWIN>,
USING ONE OF THE SYSTEM EDITORS, THESE CARDS MAY EASILY
BE APPENDED TO PART I OF THE <INPUT> FILE AND SAVED.
VALUES WHICH APPEAR IN THE OUTPUT OF THE PREVIOUS
ANALYSIS WITH fSUBSTRCf SHOULD BE USED HERE* BRIEFLY,
WITH NO FURTHER EXPLANATION OF THESE DATA, WE PRESENT
THE CONTENTS OF THESE CAROS, NOTE THAT THIS FILE IS NOT
(THAT ISS NOT!) FREE FORMAT* ALL NUMBERS ARE INTEGERS
(WITH T4E EXCEPTION OF THE FIRST CARD) AND MUST BE
ENTERED RIGHT JUSTIFIED IN THE FIELDS SPECIFIED. IN THE
DESCRIPTION BELOW, THE DATA TYPE NOW REFERS TO THE
COLUMNS WHICH THE DATA ARE TO OCCUPY.

DATA
NOTES TYPE VAPIABLE

CA R 2.1

t-76 LABEL 76 COLUMNS OF TITLE

CARD 2.2

1-10 MAXALL SIZE OF COMMON /SPACE/

115 lOIM GO/NOGO SWITCH

16-20 IRDI LENGTH OF INDEX FOR
<TAPE12>

21-25 IRD? LENGTH OF INDEX FOR
<TAPE14>

26-30 INEW FLAG FOR NEW ITERATIVE
PROCEDURE
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<INPUTv FILE, PART 2

CARO 2.3

1-5 NELTYP NUMBER OF ELEMENT TYPES

6-10 i ELEMENT TYPE i

11-15 J2 ELEMENT TYPE 2

16-20 J3 ELEMENT TYPE 3

CARD 2,

1-5 ISI FLAG FOR LARGE
DISPLACEMENT ANALYSIS

6-10 IRESI) NOT USED

11-15 KINHRD FLAG FOR KINEMATIC
HARDENING

16-20 LOOCOR FLAG FOR LOAD CORRECTION

CARD 2.5

1-5 ICPT MATRIX SOLUTION FLAG

6-10 MAXNP MAXIMUM NODAL CONNECTIVITY

11-15 MAXBW MAXIMUM NODAL BANDWIDTH/2

16-20 MXPD NUMBFR OF IN-STORE ROWS OF
STIFFNESS MATRIX

21-25 IELAS ELASTIC STORAGE FLAG

26-30 IPQRLO FLAG FOR BUILDING
SUBSTRUCTURE TAPE

31-35 ITIEM NUMBER OF TIES

36-40 ISTYPM NUMBER OF TYPES OF TIES
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<INPUT), FILE, PART 2

41-45 LONGTM NUMBER OF RETAINED NODES

PLUS 1

46-50 NUMDTS NUMBER OF TYPES OF
DISTRIBUTED LOADS

CARD 2.6

1-5 MESHR INPUT TAPE NUMBER

6-1o IPL)T NOT USED

11-15 IRSTRT NOT USED

16-20 IELSTO ELEMENT STORAGE FLAG

21-25 IDFY DEBUGGING SWITCH

26-30 IFULL NOT USED

31-35 IOFF STRESS PRINTOUT FLAG

36-40 IBUILD BUILD SUBSTRUCTURE TAPE
FLAG

41-45 ICUR BUILD SUBSTRUCTURE TAPE
FLAG

46-5C FDEPOACH OFBUGGING SWITCH

CARO 2.7

1-5 NUMEL MAXIMUM ELEMENTS IN A
SUgSTRUCTURE

6-10 NUMNP MAXIMUM NODES IN A
SU9STRUCTUR"

11-15 NUM9C MAXIMUM BOUNDARY
CONDITIONS IN A
SUBSTRUCTUPc

16-2 NSTRES STRESS LOCATION FLAG

21-25 DUMMY NOT USED
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<INPUTi FILE, PART 2

26-30 NBCTMX MAXIMUM BOUNDARY CONDITION
TRANSFORMATIONS IN A
SUBSTRUCTURE

31-35 MPTPMX MAXIMUM TRANSFORMATIONS IN
A SUBSTRUCTURE

CARD 2,8

1-5 MPRMAX MAXIMUM PRESSURE LOADS IN
A SUBSTRUCTURE

6-10 NPTMAX MAXIMUM INTERNAL NODES IN
A SUBSTRUCTURE

11-15 NPBMAX MAXIMUM NODES ON A

SUBSTRUCTURE EIGE

16-20 NUMMAX MAXIMUM NODES IN A
SUBSTRUCTURE

21-25 NSTCON NUMBER OF SUBSTRUCTURES

26-30 NTPBO TOTAL NODES ON EDGFS

31-35 NNIM!N MINIMUM NUMBER OF INTERNAL
NODES IN A SUBSTRUCTURE

36-40 MAXBWO MAXIMUM HALF-BANDWIDTH OF
INTEPSUBSTRUCTURE
CONNECTIVITY

41-1#5 ISUBxP MATRIX SOLUTION FLAG

46-50 ITEN NOT USED
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CARD 2.9

1-5 MASTRS MATRIX SOLUTION FLAG

.6-10 LASTRS SUBSTRUCTURE RESTART FLAG

11-15 Q NUMBER OF RESTART TAPE

16-20 0 NUMBER OF RPSTART TAPE

21-25 IP"OV MATRIX SOLUTION FLAG

26-3G ISUBPR PRINT SUPPRESSION FLAG

31-35 JELI NONLINEAR SOLUTION FLAG

9.5 LIMITATIONS AND PEMAQKS

Le IT WOULD BE INSTRUCTIVE TO READ THE 'REVISE'
PROGPAM TO APPRECIATF THE fSUBSTRCf RESTART
FILE STRUCTUPE*

2. MINIMUM FIELD LENGTH TO EXECUTE OREVISENI

APPROXIMATELY 65000 WORDS.

3. MACHINFI CDC 60C

k. TIME ESTIMATE1 0.1 SECOND PER ELEMENT

5, PROGPAM MAINTENANCFI OREVISEo IS WRITTEN IN
PATIONAL FORTRAN AND IS MAINTAINED PY THE
AUTHOR. THE SOURCE CODE IS LOCATED IN THE
UPDATE LIBRARY REVISEPL ,ID=CSRO. THE
RELOCATABLE LIBRARY IS LOCATED IN THE EDITLIB
LIPRARY REVISELI9 ,IO=CSRO. THE UPDATE
LIBRARY, THE EDITLIB LIBRARY, AND THE ABSOLUTE
FXF UTABLE CODE IS ALSO MAINTAINED ON THE
PRIVATE DISK 0V4717 AT THE 0TNSRDC C0C6400o
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'SIELLX#

PRODUCE SHELL ELEMENT

COORDINATES
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FNTROOUCTION

100± INTRODUCTION

SHELLXf WAS WRITTEN TO ASSIST IN THE PREPARATION
OF COORDINArE DATA FOR THE ISOPARAMETRIC SHELL ELEMENTS
IN THE 04ARCO PROGRAMS* THE GEOMETRIC DEFINITION AND
THE DISPLACEMENT FUNCTION FOR SHELL ELEMENTS 8 (DUPUIS
TRIANGLE) AND 20 (JONES QUADRILATERAL) ARE WRITTEN IN
TERMS OF TWO COORDINATES WHICH MEASURE SOME PARAMETER
INTRINSIC TO THE SURFACE. THREE COORDINATES WHICH DEFINE
THE POSITION OF THE NODE IN SPACE, AND SIX OTHER
COORDINATES WHICH DESCRIBE THE GEOMETRY OF THE SHELL
SURFACE IN TERMS OF DERIVATIVES. THERE ARE THEREFOPE A
TOTAL OF ELEVEN COORDINATES REQUIRED FOR EACH SHELL
NODE. BECAUSE OF THE RATHER LARGE NUMBER OF COORDINATES
REQUIRED FOP THESE ELEMENTS fSHELLYf SHORTENS THE TIME
NECESSARY TO PREPARE THIS DATA AND ENSURES THAT IT IS
EXPRESSED IN THE PROPER TEPMS.

"SHELLXv IS WRITTEN IN #RATIONAL FORTRAN* (RATFOPI
AND IS MODULAR IN CONSTRUCTION, IT IS QUITE EASY TO
MOOIFY, SHOULD ADDITIONAL SURFACE REPRESENTATIONS BE
REQUIRED IN THE FUTURE.

8SHELLX e WAS DESIGNED TO BE RUN FROM AN INTERACTIVE
TFRMINAL TN A OREMOTE BATCH e MODE, BUT IT WILL ALSO RUN
AS A BATCH JOB* INPUT DATA ARE, FOR THE MOST PART, FPEE
FORMAT.
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FILES

iG.2 FILES

THE FOLLOWING FILES ARE USED BY fSHELLXUl

A USER INPUT. THIS FILE IS NOT REWOUND.

B CONTAINS THE it COORDINATES NEEDED FOR
EACH NODE, REWOUND BEFORE AND AFTER
EXECUTION*

OUTPUT PRINTED OUTPUT

10.3 USER INPUT

INPUT IS HANDLED WITH DIRECTIVES AND DATA CARDS
ASSOCIATED THFREWITH. INPUT DATA ARE FREE FORMAT,
SEPARATED BY A COMMA OR BLANK(S). THERE ARE THREE TYPES
OF DATA EXPECTED AS INPUTc INTEGER, REAL AND ALPHABETIC.
AN INTEGER IS ENTERED WITHOUT A DECIMAL POINT, A REAL IS
ENTERED WITH OR WITHOUT A DECIMAL POINT (AND MAY BE IN
EXPONENTIAL FORM). ALPHABETICS ARE USED FOR INPUTTING
THE DIRECTIVES. THE DATA TYPES ARE INDICATED IN THE
INPUT DESCRIPTIONS AS 110 FOR INTEGER, 'R' FOR REAL, AND
OAe FOR ALPHABETIC.

INPUT DATA ARE THE LEAST POSSIBLE REQUIRED TO
COMPLETELY DEFINE THE SURFACE. NOTE, HOWEVER, THAT A
BLANK IS NOT THE SAME AS A ZERO!

tO.3el FORMAT OF THE FILE <A>

THE INPUT FILE tA> CONTAINS DIRECTIVES AND INPUT
DATA IN THIS ORDEPI

t. THC *OLD9 DIRECTIVE, IF DESIRED. OTHERWISE,
OMIT THIS CARD.

2. THE #ORIGIN@ DIRECTIVE AND ITS ASSOCIATED DATA.
IF THE ORIGIN OF YOUR SURFACE COINCIDES WITH
TH GLOBAL ORIGIN, OMIT THIS SET OF DATA
COMPLETELY.
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USER INPUT - FORMAT OF CAo

3e ONE OF THE SURFACE MAPPING DIRECTIVES, FOLLOWED
BY ITS ASSOCIATED DATA CARDS*

4o. AN END-OF-RECORD (7/6/9 CARD) TO CONCLUDE THE
DATA

10o392 DIREC TIVES

THE FOLLOWING DIRECTIVES ARE AVAILABLE IN fSHELLX'l

AXISYM 'lAP COORDINATES TO AN
AXISYMMETRIC SURFACE

CPLATE MAP COORDINATES TO A PLATE
DESCRISFD IN A CARTESIAN
(RECTANGULAR) COORDINATE SYSTEM

CYLINDER MAP COORDINATES TO A CIRCULAR
CYLINDER

GENERALCYL MAP COORDINATES TO A CYLINDER
OF GENFRAL CROSS SECTION

MODESHAPE MAP COORDINATES TO AN
OUT-OF-ROUND CYLINDER

OLD PRODUCE FILE <Bs IN THE *OLD*
FORMAT*

ORIGIN SET THE ORIGIN OF THE
COORDINATE SYSTEM OTHER THAN
090,3.

PPLATE MAP COORDINATES TO A PLATE
USING A POLAR COORDINATE SYSTEM

TORUS MAP COORDINATES TO A TORUS

EOFXY MAP COORDINATES TO A SURFACE

GIVEN IN THE FORM Z=Z(X,Yl
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THE *0LO DIRECTIVE

la.3*3 THE OLD DIRECTIVE

THERE ARE 2 FORMATS AVAILABLE FOR OUTPUT FROM
'SHELLX*. THE ONPWO FORMAT IS COMPATIBLE WITH THE
PREPROCESSING PROGRAM OWAS% AND HAS THE FORTRAN FORMAT
(I5,7'FiO*5fLFjl*o5)e THE @OLD' FORMAT, WHICH is
COMPATIBLE WITH THE IITERMEOIATE FILE 4NEWIN,- HAS THE
FORTRAN FORMAT fI5,6F1O.5/5F'iO.5)o THE DEFAULT FORMAT
IS @NEW,- AND IS AUTOMATICALLY PROVIDED* IF YOU WISH
DATA IN THE *OLD# FORMAT, (WHICH IS THEREFORE COMPATIBLE
WITH RMARCCOC9 AND *TRAINS619 YOU MUST INPUT THE OL0O
DIRECTIVE AS THE FIRST CARD ON FILE (Ail, OTHERWISE,
OMIT IT ENTIRELY.

TIS IS A ONE CARD DATA BLOCK.

DATA
NOJTES TYPE VAFIABLE

CARO I

(1) A HOP @OLD#

NOTES$3

to 9EGIN THE ENTRY OF THIS DIRECTIVE IN COLUMN 1.
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THE @ORIGIN# DIRECTIVE

10.3.94 THE ORIGIN DIRECTIVE

IT IS NOT ALWAYS CONVENIENT TO DESCRIBE THE
GEOMETRY OF A SURFACE IN TERMS OF A GLOBAL COORDINATE
SYSTEM. IT MAY BE MORE CONVENIENT TO DESCRIBE SURFACE
GEOMETRY IN A LOCAL SYSTEM AND THEN TRANSLATE AND ROTATE
THE LOCALLY DEFINED COORDINATES INTO THE GLOBAL SYSTEM.
THE #ORIGIN' DIRECTIVE PERMITS THIS RE-ORIENTATION
THROUGH THE 3EFINITION OF 3 POINTS IN THE LOCAL SYSTEM.
POINT PO IS THP LOCAL ORIGIN, POINT P1 IS A POINT ON THE
LOCAL X-AXIS, AND POINT P2 IS A POINT IN THE LOCAL X-Y
PLANE.

IF NO PEORIENTATION OF YOUR SURFACE IS DESIRFD, YOU
MAY OMIT THIS ENTIRE SECTION.

THERE ARE A TOTAL OF 4 CARDS IN THIS DATA BLOCK.

DATA
NOTES TYPE VARIABLE

CAR3 I

(1) A WORD #ORIGIN#

(2) CARI 2o.1

(3) R XO X COOROI4ATP_ OF P0 (LOCAL

ORIGIN)

R YO Y COORDINATE OF PO

R Zo Z COORDINATE OF P0
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THE fORIGIN, OIRECTIVE

(2) CARD 2.2

(1) R X1 THE X COORDINATE OF POINT
Pt (ON THE LOCAL X AXIS)

R YI THE Y COORDINATE OF PI

R Zi THE Z COORDINATE OF P1

(2) CARD 2o3

(5) R X2 THE X COORDINATE OF P2 (A
POINT IN THE LOCAL X-Y
PLANE)

R Y2 THE Y COORDINATE OF P2

R Z2 THE Z COORDINATE OF P2

NOTESI

1. BEGIN THE ENTRY OF THIS DIRECTIVE IN COLUMN 1

2. PUT 3 NUMBERS ON THIS CARD. A BLANK IS NOT THE
SAME AS A ZERO!

3. THESE 3 COORDINATES DEFINING POINT PC ARE USED
TO FORM THE OFFSET VECTOR (OFFSET) OF THE LOCAL
SYSTEM FROM THE GLOBAL ORIGIN.

4e THESE 3 COORDINATES DEFINING POINT P1 ARE USED
TO DETERMINE A UNIT VECTOR (VX) IN THE
DIRECTION OF THE LOCAL X-AXIS. POINT PI MUST
THEREFORE NOT BE COINCIDENT WITH THE LOCAL
ORIGIN (P0).

5. THESE 3 COORDINATES DEFINING P2 ARE USED TO
DETERMINE A UNIT VECTOR (VY) LYING IN THE LOCAL
X-Y PLANE. (VX) IS THEN CROSSED WITH (VY) TO
PRODUCE (VZ) NORMAL TO THE X-Y PLANE. FINALLY,
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THE 0ORIGIN' DIRECTIVE

1VZ) IS CROSSED WITH 1VXl TO (REIPRODUCE (VY).
THIS ENSURES A MUTUALLY ORTHOGONAL TRIAD OF
UNIT VECTORS (AND HENCE, DIRECTION COSINES) TO
IE USED TO ROTATE THE LOCAL SURFACE INTO GLOBAL
COORDINATES*
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SURFACE RAPPING DIRECTIVE vAXISYMf

10341 MAPPING DIRECTIVE fAXISYMf

THIS DIRECTIVE MAPS THE INPUT COORDINATES TO AN
AXISYMMETRIC SURFACF AS SHOWN IN FIGURE 10.1.

lx

X3

R

Figure 10. 1 - Axisymmetric Shell

CAUTION!

THIS MAPPING IS NOT
SUPFACE MEASURING!

WHE ' THE COORDINATES PROVIDED FOR ELEMENTS 8 AND 20
APE DISrANCE MFASURING COORDINATES AND ARE OQTHOGONAL IN
THE SHELL mIoDLE SURFACE, THFN THE COMPONENTS OF STRAIN
PRODUCED BY THE ANALYSIS PROGRAM 'SURSTRC" ARE THE
PHYSICAL STRAIN COMPONENTS. THESE STRAINS CAN BE
COMPAREO WITH, SAY, STRAIN GAGE DATA* ON THE OTHER
HAND, IF THF COORDINATES ARE NOT SURFACE DISTANCE
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SURFACE MAPPING DIRECTIVE OAXISYM'

MEASURING BUT ARE SOME OTHER PARAMETER (E.G., RADIANS1,
THEN THIE ANALYSIS PROGRAM PRODUCES THE COVARIANT
COMPONENT OF STRAIN. IN ORDER TO COMPARE THIS QUANTITY
WITH DIRECT STRAIN MEASUREMENT, THE COVARIANT COMPONENTS
MUST BE CONVERTED TO DIRECT STRAIN MEASURE THROUGH THE
USE OF THE METRICS OF THE SURFACE. A DISCUSSION OF
CONVERTING COVARIANT STRAIN COMPONENTS TO PHYSICAL
COMPONENTS IS CONTAINED IN (FUNGI.

Df TA
NOTES TYPE VARIARLE

CARD 1.1

(l) A WORD OAXISYM*

(2) CARD 1.2

I NODE GRIDPOINT NUMBER

R ANGLE THETA, DEGREES

R ANGLE PHI, DEGREES

R RADIUS OR#

R DERIVATIVE D(R)/D(PHI)

NOTESS

is BEGIN THE ENTRY OF THIS DIRECTIVE IN COLUMN to

2. CARDS 1.2 ARE TO BE REPEATED UNTIL THE ENTIRE
SET OF COORDINATES TO BE MAPPED IS OBTAINED.
NOTE THAT EACH ENTRY ON A CARD BECOMES THE
DEFAULT VALUE FOR SUBSEQUENT CARDS UNTIL RESET.
THUS, YOU MAY ENTER FIVE VALUES ON THE FIPST
CAPO OF A SET, AND FEWER ON FOLLOWING CARDS
UNTIL THESE OTHER VALUES NEED TO BE RESET. FOP
EXAMPLE I
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SURFACE MAPPING DIRECTIVE fAXISYV4

1 0 0 Lc.O0 0.06
2 10 0
3 20 0
L' a 10
5 10 10
6 20 20 15s0
7 30 20

THIS SET OF DATA WOULD M4AP ALL NODES USING
D(RI/D(PHI) = 0.06, NODES 1 THROUGH 5 WITH
R = 10.0, AND NODES 6 THROUGH 7 WITH R = 15.0.
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SURFACE 4APPING DIRECTIVE @CPLATE'

lO.3e4,2 MAPPING DIRECTIVE #CPLATEf

Th Is DIRECTIVE MAPS COORDINATES TO A FLAT PLATE IN
A RECTA4GULAR CARTESIAN COORDINATE SYSTEM. THE DEFAULT
PLATE LOCATION IS THE GLOBAL X-Y PLANE. THIS MAPPING IS
A SURFACE MEASURING MAPPING.

DATA
NOTES TYPE VAPIABLE

CAR3 l1

(1) A WOPO OCPLATEN

(2) CARD 19 2

I NODE GRIOPOINT NUMBER

R X X COOROINATE OF THE NODE

R Y Y COORDINATE OF THE NODE

NOTESS

t. BEGIN THE ENTRY OF THIS DIRECTIVE IN COLUMN i1

2. CAPOS 1.2 ARE TO BE REPEATED UNTIL THE ENTIRE
SET OF COORDINATES TO BE MAPPED IS OBTAINED.
NOTE THAT EACH ENTRY ON A CARl BECOMES THE
DEFAULT VALUE FOP SUBSEQUENT CARDS UNTIL RESET.
THUS, YOU MAY ENTER THREE VALUES ON THE FIRST

CAPO OF A SET, AND FEWER ON FOLLOWING CARDS
UNTIL THESE OTHER VALUES NEED TO BE RESET. FOR
EXAMPLES
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SURFACE RAPPING DIRECTIVE @CPLATEf

100a
2 10
3 20

a4 10
to1

6 20
7 30

THIS SET OF DATA WOULD MAP NODES it 29 AND 3 TO
THE POINTS (090)9 (±0,0), AND (20,0)
RESPECTIVELY* SIMILARLY, NODES 4~ THROUGH 7
WOULD BE MAPPED TO (0,10), (10,1!"), (20,101,
AND (30,10O).
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SURFACE MAPPING DIRECTIVE #CYLINDERf

i0,3,4,3 MAPPING DIRECTIVE #CYLINDER@

THIS DIRECTIVE MAPS COORDINATES TO A CIRCULAR
CYLINDER. REFER TO FIGURE £0,,

x2 R

x3

Figure 10.2 - Circular Cylinder

THIS MAPPING IS A SURFACE MEASURING MAPPING,

DATA
NOTES TYPE VAPIA4LF

CARD 1i

(if A WOOD @CYLINDER#
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SURFACE NAPPING DIRECTIVE #CYLINDER#

(2) CARD 1*2

I NODE GRIPOINT NUMBER

R ANGLF ANGULAR COORDINATE OF NODE
(DEGREES)

R Z LONGITUDINAL COORDINATE

R RADIUS CYLINDRICAL RADIUS

NOTES:

Lo BEGIN THE ENTRY OF THIS DIRECTIVE IN COLUMN l.

2. CARDS 1.2 ARE TO BE REPEATED UNTIL TNE ENTIRE
SET OF COORDINATES TO BE MAPPED IS OBTAINED*
NOTE THAT EACH ENTRY ON A CARD BECOMES THE
DEFAULT VALUE FOR SUBSEQUENT CARDS UNTIL RESET.
THUS, YOU MAY ENTER FOUR VALUES ON THE FIRST
CARD OF A SET, AND FEWER ON FOLLOWING CARDS
UNTIL THESE OTHER VALUES NEED TO BE RESET. FOR
EXAMPLES
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SURFACE 4APPING DIRECTIVE @CYLINOER

1 0 0 10.0
2 10
3 20
L. 0 £0
5 10
6 20
7 30

THIS SET OF DATA MOULD HAP ALL NODES WITH A
RADIUS = 10.0. NODES 1, 2, AND 3 WOULD BE
MAPPED WITH Z = 0.0, AND NODES 4, THROUGH 7
WOULD BE MAPPED WITH Z = 10.0.
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SURFACE MAPPING DIRECTIVE NGENERALCYL#

10,3,*4*4 NAPPING DIRECTIVE #GENERALCYLf

THIS DIRECTIVE MAPS COORDINATES TO A CYLINDER OF
GENERAL CROSS SECTION. SEE FIGURE 10.3.

x 2 x

Figure 10.3 - General Cylinder

THIS MAPPING IS A SURFACE MEASURING MAPPING,

DATA
NOTES TYPE VAPIABLF

CARD 1.1

(1) A WORD OGENERALCYLO
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SHELLX
SURFACE MAPPING DIRECTIVE &GENERALCYLI

(2) CARD 1,2

I NODE GRIOPOINT NUMBER

R S MERIDIONAL ARC LENGTH

R Z LONGITUDINAL COORDINATE

R X X COORDINATE OF NODE

R Y Y COORDINATF OF NODE

R DERIVATIVE DX/DS

R DEPIVATIVE DY/OS

NOTESS

I* BEGIN THE ENTRY OF THIS DIRECTIVE IN COLUMN 19

2, CARDS 1,2 ARE TO BE REPEATED UNTIL THE ENTIRE
SET OF COORDINATES Tn BE MAPPED IS ORTAINED*
NOTE THAT EACH ENTRY ON A CARD BECOMES THE

DEFAULT VALUE FOR SUBSEQUENT CARDS UNTIL RESET.
THUS, YOU MAY ENTER SEVEN VALUES ON THE FIRST
CAPO OF A SET, AND FEWER ON FOLLOWING CAPOS
UNTIL THESE OTHER VALUES NEED TO RE RESET. FOR
EXAMPLE I

i0 0 0 C 0 0 0
20 0 5.C
30 0 i0.0

THIS SFT OF DATA WOULD MAP NODES 10, 20, AND 30
TO THE LOCATIONS OF #Z: 0, 5, AND i0,
PESPECT IVEL Y,
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SHELLX

SURFACE NAPPING DIRECTIVE ONODESHAPE@

10.34.*5 MAPPING DIRECTIVE "MODESHAPEO

THIS DIRECTIVE MAPS COORDINATES TO A CYLINDER WHOSE
CROSS SECTION IS DEFINED BY A COSINE FUNCTIONf

R = RO - DEL * COS ( N * THETA I

WHERES

P = RADIUS TO THE NODE
Rw = THE MEAN RADIUS OF THE CYLINDER
DEL = AMPLITUDE OF THE IMPOSED MODE SHAPE
N = NUMBER OF CIRCUMFERENTIAL WAVES
THETA = ANGULAR COORDINATE OF THE NODE

THIS MAPPING IS AN EXTENSION OF THE -CYLINDEP@
MAPPING, AND IS A SURFACE MEASURING mAPPING.

DATA
NOTES TYPE VAPIAqLE

CARD 1.1

(1) A WOPO fMODESHAPE

(21 CARD 192

I NODE GRIDPOINT NUMBER

R ANGLE ANGULAR COORDINATE OF NODE

(DEGREESI

R 7 LONGITUDINAL COORDINATE

R pe MPAN RADIUS OF THE

CYLINDER

R DEL AMPLITUDE OF THE MODE
SHAPE
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SHELLX
SURFACE MAPPING DIRECTIVE #MODESHAPEf

(3) I N NUMBER OF WAVES

NOTESs

is BEGIN THE ENTRY OF THIS DIRECTIVE IN COLUMN i,

2. CARDS 1.2 ARE TO BE REPEATED UNTIL THE ENTIRE
SET OF COORDINATES TO BE MAPPED IS OBTAINED.
NOTE THAT EACH ENTRY ON A CARD BECOMES THE
DEFAULT VALUE FOR SUBSEQUENT CARDS UNTIL RESET.
THUS, YOU MAY ENTER FIVE VALUES ON THc_ FIPST
CARD OF A SET, AND FEWER ON FOLLOWING CAPOS
UNTIL THESE OTHER VALUES NEED TO BE RESET* FOR
EXAMPLE S

1 0 0 iC0 o0 0,i 3
3 10
5 20
2 0 20.0
4. 10
6 20

THIS SET OF DATA WOULD MAP ALL NODES TO A
CYLINDER OF MEAN RADIUS R0 = 100.0, AN
AMPLITUDE OF MODE SHAPE = OaU', AND A MODE
SHAPE = 3. NODES i, 3, AND 5 ANE MAPPED WITH A
Z = 0, AND NODES 2, 4 AND 6 ARE MAPPED WITH A
Z = 2C.

3. RECAUSE fSHELLX# READS INPUT IN FREE FORMAT, IT
TREATS ALL ENTITIES FOLLOWING THE NODF NUMBER
AS REALSo THUS, fNf AS USED IN THE PROGRAM IS
TREATED AS A REAL. IT IS THEREFORE POSSIBLE TO
INPUT 'N' WITH A FRACTIONAL PART; THE MEANING
OF THIS KIND OF INPUT IS NOT CLEAR, HOWEVER.
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SHELLX

SURFACE MAPPING DIRECTIVE #PPLATEs

i0o3,4,6 MAPPING DIRECTIVE #PPLATE#

THIS DIRECTIVE MAPS COORDINATES TO A PLATE
DESCRIBE3 IN POLAR COORDINATES. THE LOCATION OF THE
PLANE OF THE PLATE IS SPECIFIED BY THE THIRD COORDINATE.

CAUTION!

THIS MAPPING IS 4OT
SURFACE MFASURING!

WHE4 THE COORDINATES PROVIDED FOR ELEMENTS 8 AND 2C
ARE DISTANCE MEASURING COORDINATES AND ARE ORTHOGONAL IN
THE SHELL MIDDLE SURFACE, THFN THE COMPONENTS OF STRAIN
PRODUCED BY THE ANALYSIS PROGRAM #SUISTRC& ARE THE
PHYSICAL STRAIN COMPONENTS. THESE STRAINS CAN BE
COMPARED WITH, SAY, STRAIN GAGE DATA. ON THE OTHER
HAND, IF THE COORDINATES ARE NOT SURFACE DISTANCE
MEASURING RUT ARE SOME OTHER PARAMETER (E.G,, RACIANS),
THEN THE ANALYSIS PROGRAM PRODUCES THE COVARIANT
COMPONENT OF STRAIN* IN ORDEP TO COMPAR9 THIS QUANTITY
WITH DIRECT STRAIN MEASUREMENT, THE COVARIANT COMPONENTS
MUST BE CONVERTED TO DIRECT STRAIN MEASURE THROUGH THE
USE OF THE MFTRICS OF THE SURFACe, A DISCUSSION OF
CONVERTING COVARIANT STRAIN COMPONENTS TO PHYSICAL
COMPONENTS IS CONTAINED IN (FUNG}.
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SHELLX
SURFACE MIAPPING DIRECTIVE OPPLATE'

DATA
NOTES TYPE VARIABLE

CARD 1.1

(1) A WORD OPPLATEO

(21 CARD 1.2

I NOD- GRIOPOINT NUMBER

Q ANGLE ANGULAR COORDINATE OF NODE

DEGREES)

R RADIUS RADIAL COORDINATE OF THE

NODE

R Z LOCATION OF THE PLANE OF

THE PLATE (DEFAULT = C)

NOTESS

1. BEGIN THE FNTRY OF THIS DIRECTIVE IN COLUMN 1.

2. CAPOS 1.2 ARE TO BE REPEATED UNTIL THE ENTIRE

SET OF COORDINATES TO BE MAPPED IS OBTAINED.

NOTE THAT EACH ENTRY ON A CARD BECOMES THE

DEFAULT VALUE FOR SUBSEQUENT CARDS UNTIL RESET.

THUS, YOU MAY ENTFR FOUR VALUES ON TH
_ FIRST

CARD OF A SET, AND FEWER ON FOLLOWING CARDS

UNTIL THESE OTHER VALUES NEED TO BE RESET* FOR
EXAMPLE I

1 0 5 10.0

2 10
3 20
14 0 10
q t
6 2P
7 30
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SHELLX
SURFACE IAPPING DIRECTIVE #PPLATEO

THIS SET OF DATA WOULD MAP ALL NODES TO PLATE
LOCATED AT Z = 10.0. NODES i THROUGH 3 WOULD
BE MAPPED WITH A RADIUS R = 5.0, AND NODES 4
THROUGH 7 WOULD BE MAPPED WITH A RADIUS
R = 10.0.
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SHELLX

SURFACE MAPPING DIRECTIVE *TORUS@

IO,3, WT MAPPING DIRECTIVE "TOPUS"

THIS DIRECTIVE MAPS COORDINATES TO A TORUS,
REFERRING T3 FIGURE i0,k, THE MIDDLE SURFACE OF THE
SHELL IS DEFINED BYI

X = SR'COS(THETA)
Y = SR*SIN(THETA)'COS(PHII + LRw(i - COS(PHI)I
Z = (LP - SR'SIN(THETA)IISIN(PHII

WHEREI

SR = THE SMALL RADIUS
LR= THE LARGE RADIUS
THETA AND PHI ARE SHOWN IN THE FIGURE.

T4IS MAPPING IS A SURFACE MEASURING MAPPING.

DATA
NOTES TYPE VA 0 IABLF

CARD 1.1

(1) A WOOD OTOPUS,

(2) CAR 192

I NODE GRIDPOINT NUMBER

q THETA ANGULAR COORCINATE,
DEGREES

P PHI ANGULAR COORINATE,

D EGPFFS

R SR SMALL RADIUS OF THE TORUS

P LP LARGE RADIUS OF THE TORUS
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SHELLX
SURFACE MAPPING DIRECTIVE #TOPUS#

NOTES:

1. BEGIN THE ENTRY OF THIS DIRECTIVE IN COLUMN I.

2, CAPOS 1.2 ARE TO BE REPEATED UNTIL ThE ENTIRE
SET OF COOPOINATES TO BF MAPPED IS OBTAINED.
NOTE THAT EACH ENTRY ON A CARD BECOMES THE
DEFAULT VALUE FOR SUBSEQUENT CARDS UNTIL RESET.
THUS, YOU MAY ENTER FIVE VALUES ON THE FIPST
CAPO OF A SET, AND FEWER ON FOLLOWING CADDS
UNTIL THESE OTHER VALUFS NEED TO BE RESET. FOR
EXAMPLE I

1 0 0 10.0 100.0
2 10
3 20
4 a i0
5 Ic
6 20
7 30

THIS SET OF DATA WOULD MAP ALL COORDINATES TO A
TOPUS WITH LARGE RADIUS LP = 1CO.O AN! A SMALL
PAnIUS SR = 10.0. NODES I THROUGH 3 WOULD 9E
MAPPrE WITH A #PHI# OF 0, AND NODES 4 THROUGH 7

WOULD BE MAPPED WITH A #PHI# OF 10.
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SHELLX
SURFACE NAPPING DIRECTIVE @ZOFXY#

X3

SHELL MIDDLE SURFACE

X2

xi

Figure 10.4 -TORUS
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SURFACE nAPPING DIRECTIVE OZOFXYN

10.3.4.8 MAPPING DIRECTIVF fZOFXY'

THIS DIRECTIVE MAPS COOROINATES TO A SURFACE WHICH
IS DEFINED AS SOME FUNCTION OF THE *Zf COORDINATE* SEE
FIGURE 10.5.

x3  1

A x X3X 2

X l

Figure 10.5 -ZOFXY

THIS MAPPING IS A SURFACE MEASURING MAPPING.

DATA
NOTES TYPE VAPIA9LE

CARD lei

(1) A WORE) ZOFXYO
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SHELLX
SURFACE 4APPING DIRECTIVE #ZOFXY#

(2) CARD 1.2

I NODE GRIDPOINT NUMBER

R X X COORDINATE OF THE NODE

Y Y COORDINATE OF THE NODE

q 7 Z COORDINATE OF THE NODE

R DERIVATIVE DZ/DX AT THE NODE

R DEPIVATIVE OZ/DY AT THE NODE

NOTESS

i. BEGIN THE ENTRY OF THIS DIRECTIVE IN COLUMN 1.

2. CAPDS 1.2 ARE TO BE REPEATED UNTIL TIE ENTIRE
SET OF COORDINATES TO BE MAPPED IS OBTAINED.
NOTE THAT EACH ENTRY ON A CARD BECOMES THE
DEFAULT VALUE FOR SUBSEQUENT CARDS UNTIL RESET.
THUS, YOU MAY ENTER SIX VALUES ON THE FIRST
CARD OF A SET, AND FEWER ON FOLLOWING CARDS
UNTIL THESE OTHER VALUES NEED TO BE RESET.
BECAUSE OF THE GENERALITY OF THIS SURFACE,
HOWEVER, USE OF THIS FEATURE IS NOT EXPECTED
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SHELLX
EXECUTION

10.4 EXECUTION

10.4.1 FPOM TTY

OBTAIN THE INPUT FILE <A) IN SOME MANNER. THE MOST
COMMON WOULD PROBABLY BE TO CREATE THE FILE WITH ONE OF
THE SYSTEM EOITOPS. THEN9

ATTACH, SHELL X , ID=CSRO.
SHELLX,

FILE <9R MAY BE MERGED WITH THE BULK INPUT FILE
(AGAIN USING ONE OF THE SYSTEM EDITORS$ OR OTHERWISE
DISPOSED. THE <OUTPUT> FILE MAY BE PRINTED OR EXAMINED
AT THE TERMINAL,

i0 ,e2 BATCI

3ATCH J38S DO NOT PERMIT YOU TO INTERVENE IN THE
JOB PROCESS! THUS, ALL FILES TO 3E SAVED MUST BE
CATALOGE SOMFWHERE. BELOW IS A SAMPLE JOB TO READ THE
INPUT FROM THE SYSTEM (INPUT> FILE AND STORE THE MAPPED
COORDINATES IN A PERMANENT FILE FOR LATER USE,

JOBCM3 000.
CHAPGE ,YOUR, GOBBLYGOOK,
REQUEST8R,'PFe
ATTACH, SHELLX, ID=CSRO,
SHELLX, INPUT.
CATALOG, BBFORLATERUSEID=YOUR.
*END-OF-RECOR (7/8/9)

des SHELLX DATA ,..

*FNO-OF-FILE (6/7/8/9)
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SHELL K

EXECUTION

10,,3 DEFAULT EXECUTION

THE DEFAULT EXECUTE CARD ISS

SHFLLX,A, B,OUTPUTf

10.5 L14ITATIONS AND REMARKS

to MINIMUM FIELD LENGTH TO EXECUTE PROGRAMS

APPROXIMATLY 30000 WORDS

2, MACHINES CDC 6000.

3. TIME ESTIMATES LESS THAN 1/2 SECOND PER NODE.

4s PROGRAM MAINTENANCES 6SHELLXs IS WRITTEN IN

RATIONAL FORTRAN AND IS MAINTAINED OY THE

AUTHOR. THE SOURCE CODE IS LOCATED IN THE

UPDATE LIBRARY SHELLXPL ,ID=CSRO* THE

RELOCATABLE LIBRARY IS LOCATED IN THE EDITLIB

LIBRARY SHELLXLIB ,ID=CSROs THE UPDATE

LIBRARY, THE EDITLIB LIBRARY, AND THE ABSOLUTE

EXECUTABLE CODE IS ALSO MAINTAINED ON PRIVATE
DISK DV4717 AT THE COG 6400.

5. EXTENSIONSS IT IS RECOMMENDED THAT ANY FUTURE

MAPPING TYPES BE OF THE SURFACE MEASURING TYPE

TO AVOID THE PROCESS OF CONVERTING COVARIANT

STRAIN COMPONENTS TO PHYSICAL STRAIN
COMPONENTS. SEF (FUNG),

10.6 REFERENCES

i. (FUNG} FUNG, Y* C., *FOUNDATIONS OF SOLID

MFCHANICS%, PRENTICE-HALL, INC., ENGLEWOOD

CLIFFS, N.J, 1965, PP 89-92 AND PP ii-115.
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CHAPTER it

fSTON*

SUSSTRC TO WASTRAN

DATA FOR4AT CONVERTER
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STON

INTROOUCTION

11.1 INTRODUCTION

THE AIM OF *STONO IS TO TRANSLATE A FILE FROM
"SUBSTRUC' INTERMEDIATE FILE NJEWIN> FORMAT TO THEeNASTRAN# BULK DATA DECK FORMAT* THUSP MANY OF THESOFTWARE TOOLS DEVELOPED FOR USE WITH IASTRAN MAY BE
USED WITH SUBSTRCo

11.2 PROGRAM TECHNIQUE

OSTONO READS THE #SUBSTRCw INTERIEDIATE FILE(NEWIN, THE COORDINATES ARE CONVERTEJ TO NASTRANGRIOPOINTS AND TAE CONNECTIVITY TO 4ASTRAN MESH
UESCRIPTION. THE #STOM* TRANSLATION TABLE IS AS
FOLLOWS:

* 2 NODE ELEMENTS ARE CONVERTED TO ICROO' NASTRAN
ELEMENTS

* 3 NODE ELEMENTS ARE CONVERTED TO #CTIIAZG NASTRAN
ELEMENTS

• 4 NODE ELEMENTS ARE CONVERTED #CQ'JADif NASTRAN
ELEMENTS

a 8 NODE BRICK ELEMENTS ARE CONVERrED OCHEXA1*
NASTRAN ELEMENTS

0 20 NODE ELEMENTS ARE CONVERTED @CI4EX~2 NASTRAN
ELEMENTS

NASTRAN REQUIRES THAT EACH NODE AND ELEMENT BE UNIQUE,
#STON* MEETS THIS NECESSITY BY RENUMBERING THE NODES ANDELEMENTS* THE DUPLICATE NODES AT SUBSTRUCTURE
BOUNDARIES ARE NOT ELIMINATED, HOWEVER,
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STON

USING THE PROGRAM

£1.3 USING THE PROGRAM

THE FOLLOWING CONTROL CARDS ARE 3UFFICIENr TO
EXECUTE fSTON03

ATrACH,SIONpIO=CSPR.
STON.

11.3.1 DEFAULT EXECUTION

STONoNEWIN, OUTPUT, DATA.

11.3.2 FILES

NEWIWf THE INTERMEDIATE 91LE PRODUCED

BY THE PROGRA4 6WABS#

OUTPTI PRINTED OUTPUT FROM 'STONO

DATA THIS [S THE NASTRAN BULK DATA

DECK FILE.

189



STON

EXAMPLE

11.i4 EXAMPLE

THIS EXAMPLE SHOWS THE PRODUCTION OF THE FILE
<NEWIN> BY OWABS AD THE FILE (DATA) BY OSTON' ,

COMMENT. .........................................---------

COMMENT. PRODUCE FILE <NEWIND.
COMMENT, -------------------------------
ATTACH, WABSID=CSPR,
ATTACH, OATAYOURDATA, I0=YOUR.
WABS.
UNLOADWABSpDATA.
COMMENT* ----------------------------------------
COMMENT. TRANSLATE TO NASTRAN INPUT FILE (DATA)COMMENT. ............. ............. ............

ATTACHSTONPID=CSPR.
STON.
UNLOADSTON.

AT THIS POINT, THE FILE cDATA> EXISTS IN THE
NASTRAN BULK DATA DECK FORM. TO CONTINUE, AND PREPARE
THE DATA FOR DISPLAY WITH A DISPLAY PACKA;Ep ONE MUST
TRANSLATE THIS DATA INTO A FORM COMPATIBLE WITH THE
PLOTTING DEVICE, (F, FOR EXAMPLE, THE DISPLAY IS TO BE
DONE WITH 0STAGING', THE FOLLOWING CONTROL CARDS WOULD
BE EXECUTED IMMEDIATELY FOLLOWING THE ABOVE$

ATTACHPROCFIL, PROCFILPRESTAGID=CAMK,
BEGINIDEALTK ,OB=DBNAMEIO=VOURSTRI=STRUCTUREN

STR2=AMEUPO00CSTq3=HARACTERSL ,ST14=ONG,
SUBI=UPTO4SCHAR, SUB2=SUBSTRUCTU, SU33=RENAME°
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CHAPTER 12

STRSIFTO - SIFT STRESSES
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STRSIFT

rNTRODUCTION

12.1 INTRODUCTION

#STRSIFTO IS AN INTERFACE BETWEEN THE *SUBSTRCI
PROGRAM ELEMENT TYPES 6 (DOUBLY CURVED SHELL TRIANGLE)
AND J3 (OPEN SECTION CURVED BEAM) AND THE UNIVERSITY OF
CALGARY PLOTTING PROGRAM ECONTO (CONTI. AS SUCH, IT
PROCESSES THE #SUBSTRCO INTERMEDIATE DATA FILE <NEWIN>
AND ONE OF THE SUBSTPC STRESS OUTPUT FILES TO PRODUCE A
FILE COMPATIBLE WITH THE BULK OF THE INPUT DATA TO
fCONTf, ISTRSIFTO MAKES 4 ADDITIONAL FILES WHICH MAY BE
REUSED FOR FURTHER SIFTING,

"STRSIFT' IS DESIGNED TO FILTER THE #SUBSTRC'
INTERMEDIATE FILE <NEWIN> WITH USER-DEFINED FILTERS.
THUS, @STRSIFT' WILL PUT ON THE OUTPUT FILES (DATA> AND
<TAPEIIa ONLY THOSE ELEMENTS AND COORDINATES WHICH PASS
THRU THE FILTER(S), YOU ALSO HAVE THE OPTION OF
UNROLLING AN AXISYMMETRIC SURFACE ABOUT ONE OF 3 AXES.

"STRSIFT# IS DESIGNED TO LOGICALLY AND ACTUALLY
SEPARATE EACH SPECIFIC TASK INTO A SINGLE MODULE OR
SUBROUTINE. THIS KIND OF CONSTRUCTION MAKES FURTHER
CHANGES TO ISTRSIFT# FEASIBLE BY OTHER THAN THE ORIGINAL
DESIGNER, IT IS WRITTEN IN THE PROGRAMMING LANGUAGES
ORATFORN AND #FORTRAN#,

12.2 FILES

INPUT USER INPUT. SECTION 3 OF THIS REPORT
GIVES DETAILED EXPLANATIONS OF USER
INPUT,

OUTPUT PRINTED OUTPUT - USUALLY ABOUT A PAGE OR
TWO. THE MAXIMUM, MINIMUM AND
DIFFERENCES OF THE COORDINATES AND THE
STRESSES ARE PRINTED HERE, WHICH ALLOWS
YOU TO GET AN IDEA OF WHAT THE INPUT TO
OCONTO SHOULD BE*

MEWIM THE INTERMEDIATE OSUBSTRC@ FILE PRODUCED
BY #WABS
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STRSIFT
FILES

DATA THE CODED OSTRSIFTf OUTPUT FILE SUITABLE
FOR FURTHER PROCESSING, POSSIBLY BY A
PLOTTING PROGRAM. IT CONTAINS ONE
PARTITION FOR EACH OF THE STRESSES. EACH
PARTITION ENDS WITH A FORTRAN WRITTEN

IENDFILE Q MARK. FACH PARTITION CONTAINS
N RECORDS, WHERE N IS THE NUMBER OF
ELEMENTS PASSED THRU THE USER-DEFINED
FILTERS MULTIPLIED BY THE NUMBER OF
INTEGRATION POINTS PEQ ELEMENT. THE
FORMAT OF EACH RECORD ON THE DATA FILE IS
(3E15. 7 ,I21. EACH RECORD IN EACH
PARTITION CONTAINS

X, Y, Z, FLAG
WHERE I
X IS THE REAL X COORDINATE OF THE
INTEGRATION POINT,
Y IS THE PFAL Y COORDINATE OF THE
INTEGRATION POINT,
Z IS THE REAL STRESS VALUE AT THE
INTEGRATION POINT,
FLAG IS AN INTEGFR WHICH SIGNALS THE END

OF THE DATA. FLAG = 0 MEANS MORE DATA
FOLLOWS; FLAG = 99 SIGNALS END OF DATA.

TAPEII THE CODED *STRSIFTf OUTPUT FILE OF THE
GRIDPOINT COORDINATES OF THE FINITE

ELEMENT MESH IN A FORM WHICH IS
COMPATIBLE WITH THF 'CONTO PROGRAM. THIS
FILE IS SAVABLE. ONE MIGHT WISH TO SAVE
THIS FILE BECAUSE PLOTTING THE <DATA)
FILE WITH "CONT# BY ITSELF GIVES NO
INDICATION OF THE LOCATION OF THE NODES
AND ELEMENTS.

TAPE62 ONE OF THE OUTPUT FILES OF THE "SUBSTRC"
ANALYSIS PROGRAM. FOR THP SHELL ELEMENTS

(8 & 201, "SUBSTRC# PUTS OUT TWO STRESS
TAPESI TAPE62, AND TAPE63. IF TAPE63 IS
BEING USED, IT SHOULD BE ATTACHED AS
TAPE62.

MSLMN THE MASS STORAGE ELEMENT FILE MADE BY
fSTRSIFTf. IT CONTAINS ALL THE ELEMENTS
NUMBERFD SEQUENTIALLY. IT HAS NO
REFERENCES TO SUBSTRUCTURES AT ALL. THIS
FILE IS SAVABLE.
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STRSrFT
FILES

mSXyr THE MASS STORAGE COORDINATES FILE MADE BY
@STRSIFT@, IT CONTAINS ALL THE
COORDINATES NUMBERED SEQUENTIALLY, IT
HAS NO REFERENCES TO SUBSTRUCTURES AT
ALL, THIS FILE IS SAVABLE.

MSTZES THE MASS STORAGE STRESS FILE MADE BY

"STRSIFT. ,  IT CONTAINS ALL THE STRESSES
PRODUCED BY @SUBSTRCf AT ALL THE ELEMENT
INTEGRATION POINTS* IT HAS NO REFERENCES
TO SUBSTRUCTURES AT ALL. THIS FILE IS
SAVABLE*

MSIPXS THE SCRATCH MASS STORAGE INTEGRATION
POINTS COORDINATES FILE MADE BY
0STRSIFT.e  SINCE SOME OF THE COORDINATES
COMPUTED FOR A PARTICULAR DISPLAY MAY NOT
RE CORRECT FOP ANOTHER DISPLAY, IT IS NOT
DFSIRABLE TO SAVE THIS FILE BETWEEN
VARIOUS RUNS OF fSTRSIFT',

12.2., A NOTE ON THE <DATA> FILE

TO MAKE THINGS EASIER TO HANDLE WHEN YOU ARE
VIEWING THE STRESSES ON A ISCOPE, YOU MAY WANT TO USE
THE PROCEDURE CRUMBLE TO BREAK THE DATA FILE INTO PIECES
(OF COURSE, CRUMBLE MAY BE USED AT ANY TIME).

TO CREATE A FILE WHICH DOES NOT HAVE ANY END-FILE
MARKS (THAT IS, THE FILE IS ONE HUGE PARTITION1 , USE THE
COPYS SYSTEM UTILITY (DESCRIBED MORE FULLY IN REFERENCE
(CCR10I AS FOLLOWSI

BEGI NCOPYS ,,COPYJOATANEWFIL,
REWIND NEWFIL,

NOTE THAT THE INPUT DATA EXPECTED BY #CONTI IS TO
COME FR3M TAPE8, TAPE99 OR TAPE10, SO YOU MAY HAVE TO
LOCALLY RENAME THE DATA FILE OR THE OUTPUT FILES OF
CPUMBLE AT THE SCOPE. YOU CAN 00 THIS WITH THE INTERCOM
COMMANDS (REFERENCE (INTERCOM})

UNLOAD,OLDLFN<CR>
BATCH, OLOLFNRENAMENEWLFN<CR>
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STRSIFT
FILES

WHERE OLDLFN IS THE OLD LOGICAL FILE NAME, NEWLFN
IS THE NEW LOGICAL FILE NAME, AND cGP> MEANS CARRIAGE
RETURN,

12.3 USER INPUT

12*3.1 INTRODUCTION

IPUT IS HANDLED WITH DIRECTIVES AND DATA CARDS
ASSOCIATED THEREWITH. INPUT DATA ARE FREE FORMAT,
SEPARATED BY A COMMA OR BLANK(Sl. THERE ARE THREE TYPES
OF DATA EXPECTED AS INPUT: INTEGER, REAL AND ALPHABETIC.
INTEGER INPUT AND REAL INPUT FOLLOW THE USUAL FORTRAN
CONVENTIONS, I.E. INTEGER IS ENTERED WITHOUT A DECIMAL
POINT, REALS ARE ENTERED WITH A DECIMAL POINT (AND MAY
BE IN EXPONENTIAL FORM). ALPHABETICS ARE USED FOR
INPUTTING THE DIRECTIVES AND THE RELATIONS USED TC
DEFINE THE FILTERS. THE DATA TYPES ARE INDICATED IN THE
INPUT DESCRIPTIONS AS "I FOR INTEGER, 'R' FOR REAL, AND
#A* FOR ALPHABETIC.

FILTERING IS FIRST PERFORMED ON THE NODAL
COORDINATES* ANY NODE WHICH HAS COORDINATES WHICH DO
NOT PASS THRU THE USEP DEFINED FILTERS ARE ELIMINATED.
SECOND, THE ELEMENTS ARE EXAMINED, THOSE ELEMENTS
CONTAINING *ELIMINATED# NODES ARE THEMSELVES ELIMINATED,
WITH ALL THE NODES ASSOCIATED WITH THEM. THIS SECOND
STEP MAY THFRFFORE REMOVE MORE NODES THAN YOU EXPECT!

12,3e2 DIRECTIVES IN fSTRSIFTf

THE FOLLOWING DIRECTIVES ARE AVAILABLE$

MESH DISPLAY FEM MESH. <TAPE11" IS
NOT MADE WITHOUT THIS
DIRECTIVE.
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STRSIFT
USER INPUT - DIRECTIVES

MY INVOKE USER PROGRAMMING

PICTUJE DEFINITION DEFINE THE EXTENT OF THE
PICTURE TO BE ODAWN,

POLAR FILTER FILTER ELEMENTS PER ANGLE

CRITERIA

RADIAL FILTER FILTER ELEMENTS PER RADIAL
CRITERIA

IJNROLL UNROLL A SURFACE INTO 20

OIEW AXIS DEFINE A VIEW DIRECTION

XYZ FILTER FILTER ELEMENTS PER COORDINATE
DATA
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STRSIFT

eMESH DIRECTIVE

12o3o2o1 MESH

MES4 PFRMITS YOU TO DISPLAY THE FINITE ELEMENT
MESH* ONE MIGHT WISH TO SAVE THIS FILE BECAUSE PLOTTING
THE COATA2' FILE WITH 6CONT" BY ITSELF GIVES NO
INDICATION OF THE LOCATION OF THE NODES AND ELEMENTS.
THUS, IF YOU nFlSIRE TO SAVE THE MESH COORDINATES IN A
FORM COMPATIBLE WITH "CONT99 cTAPEii> SHOULD BE
CATALOGED AFTER THE @STRSIFTf RUN.

DATA
NOTES TYPE VAPIARLF

CARD 1

(1) A CARD OMFSH6

NOTES1

i# THF WORD OMESHO IS _NTERED AS THE FIRST FOUR
CHARACTERS ON THE INPUT LINE,

EXAMPLEI PROVIDE FOR DRAWING THE MES4 OF THE
PISPLAY,

SOLUTIONS GIVE THE FOLLOWING DIRECTIVE TO
QSTRSIFT* 2

MES4
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STRSIFT

@PICTURE DEFINITION# DIRECTIVE

12e3. 2.2 PICTURE DEFINITION

PICTURE DEFINITION ALLOWS YOU TO DEFINE THE LIMITS
OF YOUR DISPLAY AND HENCE ZOOm# IN ON AN AREA OF
INTERESt. PICTURE DEFINITION IS A 2 CARD BLOCK.

DATA
NOTES TYPE VARIABLE

CARO 1

(it A CARD oPICTURE DEFINITION#

(2) CARD 2

(31 R XLL X COORDINATE OF THE LOWER
LEFT CORNER OF THE PICTURE

R YLL Y COORDINATE OF THE LOWER
LEFT CORNER OF THE PICTURE

R XUP X COORDINATE OF THE UPPER
RIGHT CORNER OF THE
PICTURE

R YUP Y ( ,.., a.OINATE OF THE UPPEP
RIGHT CORNER OF THE
PICT.,,

NOTESI

is START IN COLUMN 1 IT IS IMPORTANT TO INCLUDE
ONE AND ONLY OMN BLANK BETWEEN THE WORDS!

2. EACH ENTITY ON A CARD IS SEPARATED FROM THE
OTHERS BY EITHER A COMMA (9) OR A BLANK ( )o

3. IF THE #UNROLL# DIRECTIVE IS USED
SIMULTANEOUSLY WITH #PICTURE DEFINITION@,
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STRSIFT
"PICTURE DEFINITION' DIRECTIVE

SPcCIFY THE PICTURE DEFINITION IN TERMS OF THE
UNROLLED STRUCTURAL DIMENSIONS* THUS, IF A
CYLINDER OF DIAMETER 10 IS UNROLLED ABOUT THE Y
AXIS, THE RANGE OF X DIMENSIONS To CONSIDER FOR
PICTURE DEFINITION IS FROM 0 TO 31,415e

EXAMPLEI EXCLUDE FROM THE DISPLAY ALL THOSE NODES
WHICH LIE OUTSIDE THE UNIT SQUARE.

SOLUTION PROVIDE A PICTURE DFFINITION TO fDFLSIFTf
AS FOLLOWSs

PITCTURE DEFINITION
0,091,1
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12.3.2.3 POLAR FILTER

POLAR FILTER PERMITS YOU TO EXCLUDE ELEMENTS FROM A
DISPLAY WHICH DO NOT LIE WITHIN A REGION OEFINEO BY
POLAR ANGLES* POLAR FILTER IS A 3 CARD BLOCK. THERE
ARE A MAXIMUM ALLOWABLE NUMBER OF 20 FILTERS,

DATA
NITES TYPE VAPIAgLF

CARD 1

(1) A CAPD @POLAR FILTER'

CARD 2

(2) I NPLRTST NUMBER OF POLAR FILTER
TESTS

(3) CARD 3.1

(4) A PLROIR POLAR ANGLE DIRECTION

(F) A PLPREL RELATIONAL SPECIFICATION

(6) R PLPVAL VALUE TO BE USED IN THE
FILTER

NOTESI

is START IN COLUMN i, IT IS IMPORTANT ro INCLUDE

ONF AND ONLY ONE BLANK BETWEEN THE WORDS!

2. THE MAXIMUM NUMBER OF FILTERS IS 20,

3. qEPEAT CARDS IN THIS SET UNTIL ALL THE REQUIPED
FILTERS HAVE BEEN DEFINED* EACH ENTITY ON A
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CARD) IS SEPARATED FROM THE OTI4ERS BY EITHER A
COMMA (9 OR A BLANK ( ).

4o PERMISSIBLE SPECIFICATIONS FOR MEASURING THE
ANGULAR DIRECTION ARE 8XToY', OYTDZq AND
Z7TlX.9 ALTERNATIVELY, THESE DIRECTIONS MAY BE

SPECIFIED BY Oil 02, OR '3, RESPECTIVELY.

5. RELATIONS WHICH ARE TO BE USED IN TIE FILTERS
ARE LIMITED TO THE FOLLOWING VALID TWO
CHARACTER ALPHABETIC ENTQIES2

EQ - EQUAL;9
GE - GREATER THAN OR EQUAL To:
GT - GREATER THAN;
LE - LESS THAN OR EQUAL TO;
LT - LESS THAN;
NE - NOT EQUAL TO.

6. THE FILTER RANGE IS FROM -180 TO +180 DEGREES,

EKAMPIF: ESTABLISH A FILTER WHICH PASSES THOSE
ELEMENTS LYING BETWEEN -4~3 DEGREES AND +43 DEGREES 1h
THE Y-Z PLANE.

SOLIITIONI ESTABLISH A #STRSIFTO FILTER AS FOLLOWS?

POLAR FILTER

YTOlGF9-43*0
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12.3a2*4 RADIAL FILTER

RADIAL FILTER PERMITS YOU TO EXCLUDE ELEMENTS FPOM
A DISPLAY WHICH DO NOT LIE WITHIN A CIRCLE, CAUTIONS
THIS FILTER WORKS IN A COMPLETE CIRCLE! RADIAL FILTER
IS A 3 CARD BLOCK. THERE ARE A MAXIMUM ALLOWABLE NUMBER
OF 20 FILTEPS.

DATA
NOTES TYPE VARIABLE

CARD i

(I) A CAOD @RADIAL FILTER'

CARD 2

(2) 1 NRDLTST NUMBER OF RADIAL FILTER
TESTS

(3) CARD 3.1

('! I NXP!Li NUMBER OF THE FIRST

COORDINATE USED TO FORM
THE RADIUS

I NXRDL2 NUMBER OF THE SECOND
COORDINATE USED TO FORM
THE RADIUS

(5) A ROLREL RELATIONAL SPE^,IFICATION

R ROLVAL VALUE TO BE USED IN THE
FILTER

(6) R RDLCTRI FIRST COORDINATE OF THE
CENTER OF THE RADIUS

R RDLCTR2 SECOND COORDINATE OF THE

CENTER OF THE RADIUS

202



STRSIFT
'RADIAL FILTERN DIRECTIVE

NOTES

L. START IN COLUMN I. IT IS IMPORTANT TO INCLUDE

ONE AND ONLY ONE BLANK 9ETWEEN THE WORDS!

2. THE MAXIMUM NUMBER OF FILTERS IS 20.

3. REPEAT CARDS IN THIS SET UNTIL ALL THE REQUIRED
FILTERS HAVE BEEN DEFINED. EACH ENTITY ON A
CARD IS SEPARATED FROM THE OTHERS BY EITHER A
COMMA (0 OR A BLANK ( I.

4. THE COORDINATES SPFCIFIED HERE MAY BE ANY TWO
OF THE ELEVEN. THE MOST USEFUL WILL PROBABLY
BE COORDINATES 3, 6 AND 9 (X, Y, AND Z,
RESPECTIVELY).

5. RELATIONS WHICH ARE TO BE USED IN THE FILTERS
ARE LIMITED TO THE FOLLOWING VALID TWO
CHARACTER ALPHABETIC ENTPIES2

EQ - EQUAL;
GE - GREATER THAN OR EQUAL TO;
GT - GREATER THAN;
LE - LESS THAN OR EQUAL TO;
LT - LESS THAN;
NE - NOT EQUAL TO.

6. THE DEFAULT VALUES OF THE CENTER ARE 090.
DEFINING THE CENTER AT SOME OTHER POINT IN
SPACE PERMITS VARIOUS PORTIONS OF THE STRUCTURE
TO BE CARVED AWAY.

EXAIPLF1 OISPLAY ALL THOSE LIBRARY ELEMENT TYPE 80S
WHICH ARE AT A RADIUS OF 12. OR LESS FROM THE Z AXIS.

SOLJTIONt ESTABLISH A "STRSIFT" FILTER AS FOLLOWSt

RADIAL FILTER
1
3,6vLEqt2.50.*t0.*0
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12.3,2.5 UNROLL

UNR3LL PERMITS YOU TO DISPLAY A SURFACE IN 2

OIMENSI34S BY UNROLLING IT ABOUT AN AXIS, DEFAULT IS

NOT UNROLL* THAT IS, IF THE UNROLL DIRECTIVE IS NOT

SELECTED9 THE VIEW WILL BE A PROJECTED IMAGE* UNROLL IS

A TWO CARD OPTION.

DATA
NTES TYPE VAPIABLE

CARD 1

(1) A CAPO UNROLL#

(2) A CARD AXIS NAME OR NUMBER

CAR3 2

(3) R X FIRST COORDINATE OF
UNROLLING CENTER

R Y SECOND COORDINATE OF
UNROLLING CENTER

NOTES$

Is ENTEP THE WORD 'UNROLL* BEGINNING IN COLUMN £.

2. PERMISSIBLE AXIS NAMES ARE *XEt eYe, oZ.,
SYNONYMS ARE *i', *2', AND '3', RESPECTIVELY*

THE AXIS NAMES ARE SEPARATED FROM THE DIRECTIVE

BY A COMMA (,) OR ONE OR MOPE BLANKS ( to

3, THE COORDINATES OF UNROLLING CENTER APE GIVEN

IN THE ORDER X-Y, Y-Z, OR Z-X, DEPENDING ON THE
AXIS SPECIFIED ON CARD I*

EXAMPLEI UNROLL A CYLINDER LOCATED AT THE ORIGIN

WITH ITS AXIS COINCIDENT WITH THE 7 AXIS.
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SOLUJTIONS3 USE THE FOLLOWING INPUTS

UNROLL Z
0.60,10 .c
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12,3.2.6 VIEW AXIS

VIEW AXIS PERMITS YOU TO CHANGE THE AXIS ALONG
WHICH THE STRUCTURE IS PROJECTED, THE DEFAULT
PROJECTION IS THE Z AXIS. VIEW AXIS IS A i CARD eLOCK.

DATA
NOTES TYPE VAPIABLE

CARD I

(1) A CAPO @VIEW AXIS*

(2) A CADI AXIS NAME OR NUMBER

NOTES3

1, START IN COLUMN 1. IT IS IMPORTANT TO INCLUDE
ONE AND ONLY ONE BLANK BETWEEN THE WORDS!

?o PERMISSIBLE AXIS NAMES ARE 'X, fY*, *Z.o
SYNONYMS ARE Rif, 029, AND 8309 RESPECTIVELY.
THF AXIS NAME IS SEPARATED FROM THE OIQECTIVE
BY ONF OR MORE BLANKS ( I,

EXAMPLES VIEW A PROJECTION BY LOOKING IN THE X
DIRECTION*

SOLUTIONS INCLUDE IN THE INPUT DATA, THE FOLLOWING
CARDS

VIEW AXIS X
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12.3,2.7 XY_ FILTER

KYT FILTER PERMITS YOU TO EXCLUDE ELEMENTS FROM A

DISPLAY WHICH 00 NOT LIE WITHIN A REGION SPECIFIED BY

COORDINATES OF THE GRIDPOINTS. XYZ FILTER IS A THREE

CARD-TYPE SET. CARD 3 MAY BE REPEATED UP TO 20 TIMES,

GIVING A MAXIMUM NUMBER OF DEFINABLE FILTERS OF 20.

DATA
NOTES TYPE VAPIARLE

CARD 1

(1) A CAPO OXYZ FILTERO

CARD 2

(2) 1 NXTESTS NUMBER OF XYZ FILTER TESTS

(3) CARO 3.1

( I FLTRCRD NUMBER OF THE COORDINATE
Tn BE FILTERED

( ) A XTSTOFL RELATIONAL SPECIFICATION

R XTFST VALUE TO BE USED IN THE

FILTER

NOTESS

1, START IN COLUMN 1, IT IS IMPORTANT TO INCLUDE

ONE AND ONLY ONE BLANK BETWEEN THE WORDS!

2. THE MAXIMUM NUMBER OF FILTERS IS 20.

3. PEPEAT CARDS IN THIS SET UNTIL ALL THE PFQUIRED
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FILTERS HAVE BEEN DEFINED* EACH ENTITY ON A
CARD IS SEPARATED FROM THE OTHERS BY EITHER A
COMMA (,) OR A BLANK ( Is

4, ANY OF THE COORDINATES MAY BE SPECIFIED IN A
FILTER*

5. RELATIONS WHICH ARE TO BE USED IN THE FILTERS
ARE LIMITED TO THE FOLLOWING VALID TWO
CHARACTER ALPHABETIC ENTRIES&

EQ - EQUAL:o
GE - GREATER THAN OR EQUAL TO;
GT - GREATER THAN:
LF - LESS THAN OR EQUAL TO!
LT - LESS THAN:
NE - NOT EQUAL TO.

E£XAPLF1 PLOT ONLY THOSE COORDINATES (AND HENCE
ELEMENTS$ OF LIBRARY ELEMENT TYPE 8 WHICH LIE BETWEEN X
COORDINATE 3.0 AND 15.0,

SOLUJTIONS ESTABLISH A "STRSIFT' FILTER AS FOLLOWS$

KYZ FILTFR
2

3,E3.0
3,LE,5. 0
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12.*4 MY

@MY@ PERMITS AN ADVANCED USER TO PUT HIS OWN CODING
INTO fSTRSIFTf WITHOUT RADICALLY ALTERING THE PROGRAM
STRUCTURE. YOU MUST PROVIDE A ROUTINE NAMED #MY@ WHICH
WILL HANDLE ANY OF YOUR INPUT ON THE FIRST CALL, AND
WHICH DOES THE FILTERING ON A SECOND CALL. #MY# IS
INITIALLY A I CARD BLOCK! YOU MAY OF COURSE DO
INPUT/OUTPUT IN YOUR OWN CODE, YOU MAY ADD ANY OTHER
ROUTINES DESIRED AS WELL.

THE COMMON BLOCK /MINE/ IS PROVIDED FOR USERS. IT
CONTAINS 10" WORDS, THE FIRST OF WHICH IS SET TO INTEGER
If

EXAMPLE: SET UP A FILTER WHICH PASSES ONLY ODD
NUMBERE3 ELEM.NTS,

SOLUTION: PROVIDE THE ROUTINE #MY# AS FOLLOWS, AND
RELOAD AND EXECUTE THE PROGRAM WITH THE 'MY# DIRECTIVE1

SUBROUTINE MY
COMMON /MINE/ USEP(100
INTEGER USER
COMMON /PLOTLMN/ PLOTLMN(20t&Sl
LOGICAL PLOTLMN
COMMON /TOTALS/ TOTNODS, TOTLMNS

FIRST TIME WE ENTER THE PROGRAM
IF (USER(2) *NE. 0 ) GOTO LO

USEP(2) = 1
RETURN

SECOND TIME WE ENTER THE PROGRAM
t0 CONTINUE

DO 2C I = 2, TOTLMNS, 2
PLOTLMN(I) = .FALSE.

20 CONTINUE
RETURN
END
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12.5 ExECUTION

12.5.1 FROM qATCH...FIRST RUNt

JOBCARDI,CM70000.,
C4A RGE ,YOURGOB BIYGOO K.
COMM ENT -.eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
COMMENT, PRODUCE FILE <NEWINi--.
COMMENT. - -------------- eeeeeee

ATTACHvWABS9ID=CSPP.
ATTACH,DATA,YOURDATA, ID= YOUR.
)EABSe
UNL OAD0, WA 8S, DATA.
COMMENT~eeeeeeee----------------- -------

COMMENT * ATTACH TAPE629 RESERVE PERM FILE
COMMENT* SPACE FOR OTHER FILES,
COMMENToeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee-ee
ATTAC4,TAPE62,YOURTAPE62FROMSUBSTRC, ID=YOUR.
RE2IE ST, MSLMN,'PF.
REQUIEST, MSXYZ ,'PF#
REQUE~ST. MSTRES,'PF,
RE2IJEST, DATA, 'PF%
RE2UJESTVTAPEi1, 'PF,
COMMENT.m---------------------- ------------- ----
COMMENT. EXECUTF NSTRSIFTg SAVE FILES
COMMENT. - - - - -- - - - - - -- - - - - - -
ATrACH,STRSIFT, IOCSPR.
SYRSIFT,, , NFWIN.
CATALOGMSLMNYOURMSLMNANALYSISNAME, 10=Y OUR.
CA1ALOGMSXYZYOURMSXYZANALYSISNAME, IO=YOURe
CAT ALOGMSTRES, YOURMSTRFSANALYSISNAME, I2Y OUR.
CAT ALOG, OAT AYOUR ANALYSISNAIEPLOTOATA,9 10=YOUR*
CAT ALOG9 TAPEi, YOURANALYSISNAMETAPEi1,9 ID2Y OUR.,

12*5*2 FROM BATCH***SUSSEQUFNT RUNSI

JOSCA RD,rCM? 00On,
C4ARGEqYOURGOBBLYGOOKo
COMMENT. - - - -- - - ------ ------ee e---e e---

COMMENT. ATTACH PERM FILES, REQUEST SPACE FOR
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COMM1ENT* <DATA), AND (TAPFii
CO MMPEN T. - ------------------------------------ ------

ATTACHtMSLMNYOURMSLMNANALYSISNANEID=VOUR.
ArTACH,'4SXYzYouP,4SXYzANALYSISNAME, ID=YOUR.
ATTACNPISTRESYOURMSTRESANALYSISNAME, ID=YOUR.
REQUEST, OAT A9*PFO
REQlUESTvTAPEi1, 'PF.
COMMP1EN~o - - - - - m - -T- -- --
CONPIENT. EXECUTE @STRSIFTv SAVE FILES
C OMMENT~m - - - - M - M- - -- - - - - - -

ATTACNSTRSTFT ID=CSPR.
STRSIFT9,,NEWIN*
CATALOG,D)ATAYOURANALYSISNAIEPLOTDATA, IO=VOURo
CAT ALOG9 T APEItoYOUR AN ALYSISN AMETA PEI iv 10=Y OUR*

iZJ.30 FROM4 TTY

NOr POSSIBLE BECAUSE #STRSIFTO TAKES TOO MUCH CM.

12.5.4 DEFAULT EXECUTE CARD

STRSIFTTNPUTOUTPUTINFILEDATADUMMYTAPE62,DUMMY,
PISLMNI4 MSXYZv MS TRES*
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12,6 LIMITATIONS AND REMARKS

to LARGEST NUMERICAL MODELS 208 ELEMENTS AND 2048
NODES*

Z. ELEMENT TYPES HANDLED: 8 (DOUBLY CURVED SHELL

TRIANGLE) AND 13 (OPEN SECTION CURVED BEAM).

3, MACHINE: CDC 6000 SERIES.

4o CENTRAL MEMORYS 70000 WORDS.

5. TIME ESTIMATES ABOUT 5 NODES PER CPU SECOND.

6. PROGRAM MAINTENANCE$ THE PROGRAM IS CURRENTLY
BEING MAINTAINED BY THE AUTHOR. SOURCE CODE IS
LOCATED IN THE UPDATE PROGRAM LIBRARY
CSPOSTRSIFTPL, ID=CSRO, COMPILED ROUTINES ARE
IN THE PRELOAD LIBRARY CSROSTRSIFTPRE9 IO=CSPO.
ABSOLUTE (TASK LOADEOD FILE IS STRSIFTID=CSPR,
COPIES OF THE FILES ARE MAINTAINED ON DISK
DV417T

79 PLACES FOR IMPROVEMENT: fSTRSIFT* COULD BE
EXTENDED TO HANDLE ALL THE ELEMENT TYPES IN THE
#SUBSTRCf LIBRARY,

12.7 CRUMBLE

@CRUMBLE' IS A CYBER CONTROL LANGUAGE (REFERENCE
(CCL)} PROCEDURE WHICH BREAKS UP A FILE (SAY, (DATA)
CREATED WITH FORTRAN. EACH OF THE PARTITIONS IN <DATA)
BECOMES A SEPARATE FILE. EACH OF THE PARTITIONS IS
WRITTEN TO PERMANENT FILE DISC, AND MAY BE CATALOGED AT
THE OPTION OF THE USER. NONE OF THE FILES ARE REWOUND.

EXECUTIONS

ATTACHPROCFIL, CCLLIB, ID=CSRO.
BEGIN, CRUMBLEPROCFILURTAPENAMEN,

212



STRsIFT
C RU MBLE

BEGIN INITIATES EXECUTION OF THE PROCEDURE

CRUMSLE IS THE NAME OF THE PROCEDURE

PROCFIL IS THE NAME OF THE PROCEDURE FILE WHENCE
THIS PROCEDURE Is BEING EXECUTED*

URTAPE IS YOUR TAPE (PRODUCED BY A FORTRAN
PROGRAM), DEFAULT VALUES URTAPE = DATA

N A ?iE IS THE NAME OF THE FILE(S) TO BE PRODUCED
BY CRUMBLE. DEFAULT VALUES NAM4E = FILE

N IS THE NUMBER OF FILES EXPECTED ON
URTAPE. DEFAULT VALUES N = 7

EXAMPLES BREAK UP THE FILE <DATA), AND SAVE THE LTH
PARTITION ON PERMANENT FILE.

SOLUTION: AT A TERMINAL, EXECUTE THE FOLLOWING
COMMANDS$

ATTAC~iPROCFIL, CCLLIB, ID=CSRO*
ATTACHOATA ,YOUROATAFILE,ID=YOURo
BEGrN, CRUMBLF.
CATALOG, FILEL.,FILE4,r.O=YOUR,

NOTES$

to YOU NOW HAVE THE FOLLOWING FILES ATTACHED TO
YOUR TERMINALS gPROCFIL2., (DATA3,9 <FILF2-
<FILE2,- (FILE32. <FILEL,1- <FILE5),t <FILE6,o
<FILE 7.,

2. NONE OF THE FILES ARE REWOUND.

3, EACH4 OF THE FILES (FILEN2- IS WRITTEN TO
PERMANENT FILE, SO YOU CAN SAVE ANY OF THEM BY
EXECUTING A PROPER CATALOG.
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12s8 FILE STRUCTURE

THE KNOWLEDGE OF THE FILE STRUCTURE USED BY
*STRSIFtf IS NOT NECESSARY FOR ITS USE, HOWEVER, THIS
KNOWLEDGE WOULD BE INVALUABLE TO SOMEONE WHO WISHES TO
MODIFY THE PROGRAM. HENCE9 THIS SECTION DESCRIBES THE
MASS STORAGE RANDOM ACCESS FILES USED BY 'STRSIFT'e

12o8e1 4SLMN

MSL4N IS THE MASS STORAGE ELEMENT FILE.

12.8,1,1 MAIN INDEX

THE MAIN INDEX IS NAMED LMASTER DIMENSIONED 10
WORDS

WORD ADDRESS TO:
I LLISTYP(20,8) - A LIST OF THE ELEMENT TYPES
2 LPNNDX(20481 - THE FILE SUBINDEX
3 TOTIOOS(21 - THE TOTAL NUMBER OF NODES AND ELEMENTS

12s861o2 SUBINDEX

LMMNDX IS SET AS THE FILE SUBINDEX WITH A CALL TO
STINDX, EACH ENTRY IS A POINTER TO THE MESH FOR THAT
ELEMENT; I.E. LMNNDX(36) POINTS TO THE NODE NUMBERS
COMPRISING THE 36TH ELEMENT (SEQUENTIALLY) IN THE ENTIRE
STRUCTURAL MODEL*
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12o8.2 PISXYZ

MSXYZ IS THE MASS STORAGE COORDINATES FILE.

12e6*2*I MAIN INDEX

THE MAIN INDEX IS NAMED XMASTER DIMENSIONED 5 WORDS

WORD ADDRESS TOt
1 TOTMOOS(21 - THE TOTAL NUMBER OF NODES AND ELEMENTS
2 XLISTYP(TOTNODS) - A LIST OF THE TYPE OF ELEMENT TO

WHICH THIS GRIOPOINT BELONGS
3 XVZXTM(18,2) - A LIST OF THE EXTREME VALUES OF
COORDINATES FOR THIS ANALYSIS. NOTE THAT AN ANALYSIS
WHICH USES SEVERAL KINDS OF ELEMENTS WILL PROBABLY
HAVE MIXED UP EXTREME VALUES,

4. XYZ43X(2O0i81 THE SUBINDEX TO THE FILE

12.8.2.2 SUBINDEX

XYZNDX IS SET AS THE FILE SUBINDEX WITH A CALL TO
STINMX EACH ENTRY IS A POINTER TO THE COMPLETE SET OF
COORDINATES FOR THE GRiopoINT; E.G.9 XYZNDX(2731 POINTS
TO ALL THE COORDINATES ASSOCIATED WITH THE 273RD NODE
(SEQUENTIALLY) IN THE ENTIRE STRUCTURAL MODEL.

12.8.3 MSTPES

msrRFS IS THE MASS STORAGE STRESS FILE.
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1Z.8.3.t MAIN INDEX

THE MAIN INDEX TO THE FILE IS NAMED SMASTER
DIMENSIONED 4 WORDS*

WORD ADDRESS TOI
I SPLOTS(13) - THE ARRAY WHICH TELLS WHICH (IF ANY)
PLOTS ARE TO BE MAOE.
IF SPLOTS(I) = i, PLOT THIS STRESS,
IF SPLOTS(I) = 0, DO NOT PLOT THIS STRESS.

2 STRSNDX(2048) - THE FILE SUBINDEX
3 STRSXTM(13,2) - THE EXTREME STRESS VALUES*

12.8.3.2 SUBINDEX

STRSNDX IS SET BY A CALL TO STINDX9 EACH ELEMENT
OF STRSMDX TS A POINTER TO THE SET OF STRESSES FOR AN
ELEMENT FOR ALL INTEGRATION POINTS. THUS, FOR LIBRARY
ELEMENT TYPE 8 FOR EXAMPLE, STRSNOX(4561 POINTS TO A 7 *
7 ARRAY OF STRESSES (7 INTEGRATION POINTS) * (THE
STRESSES GG, HH, GH, MAXIMUM PRINCIPAL STRESS, MINIMUM
PRINCIPAL STRESS. MAXIMUM SHEAR STRESS, AND THE
HENCKY-VON MISES STRESS) FOR THE 456TH ELEMENT
(SEQUENTIALLY) IN THE ENTIRE STRUCTURAL MODEL.

12.8' MSIPXS

MSIPXS IS THE MASS STORAGE INTEGRATION POINTS
COORDINATES FILE.

12,8,ot MAIN INDEX

THE MAIN INDEX OF THE FILE IS NAMED IMASTER
DIMENSIONED 10 WORDS,

WORD ADDRESS TO$

1 IPXSNOX(2048) - THE SUBINDEX TO THE FILE
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2 PLOTLMN(20481 - INDICATES ELEMENTS TO BE PLOTTED
PLOTLMN(I) = i MEANS PLOT ELEMENT I;
PLOrLMN(I) = 0 MEANS DO NOT PLOT ELEMENT 61

3 PLOTXYZ(2z8) - INDICATES NODES TO BE PLOTTED
PLOTXYZ(I) = I MEANS PLOT NODE 1:
PLOTXYZ(I) = 0 MEANS DO NOT PLOT NODE II

12.8.4.2 SUBINDEX.

IPXSNOX IS SET BY A CALL TO STINOX. EACH ENTRY
POINTS TO THE COMPLETE INTEGRATION POINT COORDINATE
ARRAY FOR AN ELEMENT, THUS, FOR LIBRARY ELEMENT TYPE 8
FOR EXAMPLE, IPXSNDX(32!4) POINTS TO A 2 * 7 ARRAY XINT
(2 COORDINATES TO BE USED IN THE PICTURE) * (7
INTEGRATION POINTS PER ELEMENT) FOR THE 324TH ELEMENT
(SEQUENTIALLY) IN THE ENTIRE STRUCTURAL MODEL*
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NTrPODUCTION

13.1 INTRODUCTION

INPUT TO THF PROGRAM CONSISTS OF ALPHABETIC, INTEGER,
AND REAL VARIABLES ON CARDS OR CARD IMAGES, FOR BREVITY,
'PE WORD @CARD# WILL HEREAFTER BE UNDERSTOOD TO REFER TO
EITHER A CARD OR A CARD IMAGE.

THE PROGRAM USES FREE-FORMAT INPUT, AND ELIMINATES MUCH
OF THE (PIS)COUNTING WHICH IS USUALLY A LARGE PART OF FINITE
BLEMENT INPUT nATA PREPARATION. VARIABLES ON A CARD ARE
SEPARATED BY A COMMA OR BY ONE OR MOPE BLANKS. DATA ITEMS
MAY BEGIN IN ANY COLUMN ON A CARD. MAXIMUM NUMBER OF
OOLUMNS PERMITTED IS 80.

DATA ARE ORGANIZED INTO BLOCKS THRU THE USE OF
QOIRECTIVES" AN) #END# CARDS. THE BLOCKS ARE SOMETIMES
FURTHER SUBOIVInED INTO CAROSETS. CAROSETS ARE INDICATED IN
PHIS MANUAL BY THE STATEMENT: ICARD M.N', WHERE OM* IS THE
NUMBER OF THE CAq0SET, AND @NO IS THE CARD IN THAT CARDSET.

THE INPUT DATA MUST BE IN THE FOLLOWING ORDEPR

t. TH- TITLE BLOCK, IF IT EXISTS.

2. THE LIBRARY BLOCK. IF NO TITLE BLOCK EXISTS. THE
LI3RARY BLOCK MUST BE THE FIRST BLOCK.

S. ANY OTHER BLOCK* THE INTERSUBSTRUCTURE
CONNECTIVITY BLOCK MUST, HOWEVER, BE INPUT AFTER
ALL THE SUBSTRUCTURES HAVE BEEN INPUT*

THREE TYPES OF 3ATA APE READ BY THE PROGRAMI ALPHABETIC,
INTEGER, AND PEAL.

ALPHA3ETIC DATA ARE USED FOR LAPELS AND DIRECTIVES.
OIRECTIVE NAMES ARE SHOWN IN THIS MANUAL ENCLOSED IN DOUBLE
QUOTES (-). ALPHABETIC DATA ARE INDICATED BY AN A.' IN THE
OOATA TYPE* COLUMN OF THE INPUT VARIABLE SPECIFICATION.

INTEGER 3ATA APE USED FOR ROOKKEEPING. INTEGER DATA
IAPIABLES ARE INDICATED BY AN '' IN THE ODATA TYPE# COLUMN
OF THE INPUT VAPIARLE SPECIFICATION. INTEGER DATA MUST NOT
0OTAIN A DECIMAL POINT.
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REAL DATA APE USED FOP COOROINATES, MATERIAL PROPERTIES,
OT., REAL DATA VARIABLES ARE INDICATED BY AN OR- IN THE
QOATA TYPE@ COLUMN OF THE INPUT VARIABLE SPECIFICATION.
REAL VARIABLES MAY CONTAIN A DECIMAL POINT,

f3aI FORMAT OF THE INPUT SPECIFICATIONS

EACH DATA BLOCK IS INTRODUCED BY A BRIEF DISCUSSION OF
THE INPUT POSSIMLE IN THE %LOCK. THIS IS FOLLOWED BY THE
SPECIFICATIONS FOO EACH VARIABLE ON EACH CARD. THE
SPECIFICATIONS ARE IN TURN FOLLOWED BY NOTES WHICH FURTHER
eKPLAIN ThE INPUT,

THE INPUT SPECIFICATIONS THEMSELVES ARE ORGANIZED INTO
FOUP COLJMNSt

THE FIRST COLUMN CONTAINS THE NOTE NUMBER TO WHICH YOU
ERE REFERRED FOR FURTHER INFORMATION CONCERNING THIS INPUT
YAROSET9 CARD, OR VARIABLE.

THE SECOND COLUMN CONTAINS THE DATA TYPE INDICATOR$ #A#
FOR ALPHABETIC, 010 FOR INTEGER, AND OR' FOR REAL,

THE THIRD COLUMN IS THE VARIABLE NAME! NAMES WHICH END
WITH IDRC" ARE DIRECTIVES.

THE FOJRTH COLUMN IS A BRIEF DESCRIPTION OF THE
VARIABLE*
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13.2 TITLE

THIS BLOCK PERMITS THE TITLING OF OUTPUT. DEFAULT IS
QNO TITLE#.

CARDS ARE READ FROM THE INPUT FILE UNTIL A MAIN
DIqECTIVE IS ENCOUNTERED. THESE CARDS ARE ALL LISTED ON THE
FIRST PAGE OF THE OUTPUT FOLLOWING THE SUBSTRC BANNER PAGE
(ONLY THE FIRST TITLE CARD WILL BE PRINTED ON THE IEAOING OF
EACH SUBSTRC OUTPUT PAGE). THUS9 AS THE FIRST WORD OF YOUR
rITLE Y3U SHOULD AVOID USING WORDS WHICH BEGIN WITH THE
FIOST 4 CHARACTFRS OF ANY OF THE MAIN DIRECTIVES. THE TITLE
OAD(S) MUST BE THE FIRST CAROS) IN THE DATA STREAM.

THE TITLE DATA ARE OPTIONAL. UP TO 80 COLUMNS OF TITLE
MAY BE ENTERED ON EACH TITLE CARD. UP TO 60 TITLE CARDS MAY
RE INPUT.

DATA
NOTES TYPE VAPIAILE

CAR3 I

A CAP3 TTTLF
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L3.3 LIBRARY

THE LIBRARY BLOCK SPECIFIES ITEMS TO BE CHOSEN FROM THE
RROGRAM LIBRARY TO BE USED IN THE ANALYSIS, THIS BLOCK MUST
FOLLOW THE @TITLE# BLOCK, IF THE 'TITLE# BLOCK EXISTS.

DATA
NOTES TYPE VAPIABLE

(1) CARO 1

A MAINORC LIBRAQY"

CARD 2.1

A LIBRlRC "ELEMENTS"

CARD 2.2

(2) I LNTYPEt ELEMENT TYPE

I LMNTYPE2 ELEMENT TYPE

I LMNTYPE3 ELEMENT TYPE

(31 CARD 3

A LIBRDRC "DEBUG"

I DEBUG DEBUG SWITCH SETTING
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(4) CAR3 Le

A LIBRPRC "TYING TYPES"

CARD L,2

(51 I TIETYPE NUMBER OF THE TYING TYPE

I NRFTArN NUMBER OF RETAINED NODES

NOTESI

lo ALL OF THE DIRECTIVES WHICH APPEAR IN THIS
BLOCK MAY BE ABBREVIATED TO THE FIRST 4
CHARACTERS*

2. THE 'LMNTYPE' VARIABLES SELECT ELEMENTS FROM
THE ELFMENT LIBRARY, A MAXIMUM OF 3 TYPES MAY
BE SELECTED. NOTEI THIS BLOCK IS A MANDATORY
BLOCK!

3, USE THIS UNDER DIRECTION OF PROGqAM AUTHOR*

4o THIS BLOCK IS MANDATORY IF THERE ARE TO BE
#TIES@ IN ANY SUBSTRUCTURE.

5. THE NUMBER OF RETAINED NODES DEPENDS ON THE
TYING TYPEt SEE THE OISCUSSION ON TYING TYPES*
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13." SUBSTRUCTURE MODELING

THESE DATA DEFINE THE MODEL TO SUBSTRCs SOME OF THE
SLOCKS ARE REQUIRED, OTHERS ARE OPTIONAL, DEPENDING ON THE
ANALYSIS* ALL OF THE SUBSTRUCTURE MODELING BLOCKS MUST
PFRECEDE THE INTERSUBSTRUCTURE CONNECTIVITY BLOCK*

THE FOLLOWING IS A LIST OF THIE AVAILABLE DIRECTIVES IN
'4 SUBSTRUCTURE MODELING BLOCK.

BOUNDAPY CONDITIONS OPTIONAL
CONNECTIVITY REQUIRED
COORDINATES REQUIRED
DISTRI8UTED LOADS OPTIONAL
EDGE NODES REQUIRED
GE04IETRY OPTIONAL
CONCENTRATED LOADS OPTIONAL
PROPERTY REQUIRED
TRANSFORMATIONS OPTIONAL
TIES OPTIONAL
WORKC HARDENING OPT10~4AL
END OPTIONAL

THE FOLLOWING DIRECTIVES ARE ALWAYS REQUIREDt

BOUNDARY CONDITIONS
CONNECTIVITY
COORDINATES
EDGE NODES
PROPERTY

NOTE TH4AT THr BOUNDARY CONDITIONS OPTION MUST BE
SPECIFIED IN AT LEAST ONE SURSTRUCTURE TO REMOVE THE
ROSSIBILITY OF RIGID BODY MOTION; IT IS NOT A REQUIPED
OPTION IN ALL OF TH9 SUBSTRUCTURES.
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OAT A
NOTES TYPE VARIABLE

CARD i

(1) A MAINORC "SUBSTRUCTURE"

(2) I NSBS NUMBER OF THE SUBSTRUCTURE

NOTES$

i, THIS DIRECTIVE MAY NOT BE ABBREVIATED*

2. SUBSTRUCTURES MAY BE INPUT IN ANY ORDER
DESIRED. A CONSISTENT PLAN SHOULD BE FOLLOWED,
HOWEVER, WHICH WILL ALLOW YOU TO EASILY
INTERPRET BOTH PROGRAM INPUT AND OUTPUT.
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13 4.1 BOUNDARY CONDITIONS

THE BOUNDARY CONDITIONS ARE THE CONSTRAINTS WHICH YOU
WiSH TO APPLY (O THE MOUEL. SUBSTRC ALLOWS YOU TO SPECIFY
DISPLACEMENTS OTHER THAN ZERO AT THE NODES, THE WORD
"DISPLACEMENT" IS HERE TAKEN AS A GENERAL TERM MEANING
WEFLECTION, ROTATION, TRANSLATION, ETC, DEPENDING ENTIRELY
ON THE OEGREE OF FREEDOM UNDER CONSIDERATION. THESE DATA
ARE REQUIRED IN AT LEAST ONE SUBSTRUCTURE IN THE OVERALL
MODEL TO PREVENT RIGID BODY MOTION OF THE MODEL.

THIS BLOCK MAY BE SELECTED ONLY ONCE PER SUBSTRUCTUPEs
OMIT THIS ENTIRE BLOCK IF NO BOUNDARY CONDITIONS ARE TO BE
APPLIED TO A SUBSTRUCTURE.

DATA
NOTES TYPE VARIABLE

CARD 1

(I) A SUBSORC "BOUNDARY CONOITIONS"

CARD 2.1.

(2) R FASTEN MAGNITUDE OF THE SPECIFIED
DISPLACEMENT

(3) 1 NFIRST THE NUMBER OF THE FIRST
NODE TO B CONSTRAINED,
OR, THE TOTAL NUMBER OF
NODES TO BE CONSTRAINED BY
THIS DATA BLOCK.

(3) 1 NLAST THE NUMBER OF THE LAST
NODE TO BE CONSTRAINED,
OR, G.

(4') I DFIRST THE NUMBER OF THE FIRST
DEGREE OF FREEDOM TO BE
CONSTRAINED, OR, THE TOTAL
NUMBER OF DEGREES OF
FREEDOM TO BE CONSTRAINED.
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('4) 1 OLAST THE NUMBER OF THE LAST
DEGREE OF FREEDOM TO BE
CONSTRAINED, OR, 0f

(5) CARD 2.2 -NODE LIST-

I NNOOE(il FIRST NODE TO HAVE
DISPLACEMENT @ FASTEN#
PER CARD 2.1

I NNODE(21 SECOND NODE TO HAVE
DISPLACE4ENT NFASTENO
PER CARD 2.1

(6) 1 NNODE(NFIRST) LAST NODE TO HAVE
DISPLACEMENT ' FASTEN#
PER CARD 2.1

(7) CARD 2.3 -DEGREE OF FREEDOM LIST-

I IOOF(1I FIRST O*Fo TO HAVE
DISPLACEMENT # FASTEN#
PER CARD 2.1

I IOOF(2) SECOND OqFo TO HAVE
DISPLACEMENT * FASTEN@
PER CARD 2.1

(at I IOOF(DFIRSTI LAST D.O.F* TO HAVE
DISPLACEMENT = FASTENE
PER CARD 2.21
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NOTES$

1. THIS DIRECTIVE MAY BE ABBREVIATED TO THE FIPST

4 CHARACTERS, I.E., "BOUN"

Z, MAGNITUDE OF THE SPECIFIED DISPLACEMENT

3. YOU MAY SPECIFY AN INCLUSIVE RANGE OF NODES TO

WHICH THE BOUNDARY CONDITIONS WILL BE APPLIED

BE ENTERING ONFIRSTN AND @NLASTf SUCH THAT 0 <

@NFIRSTf < dNLAST'9 FOR EXAMPLE, TO SET

DISPLACEMENT OF NODES 2, 39 4, 5, AND 6 TO THE

VALUE OF #FASTEN* ON CARD 2,1 'NFIRST = 2 AND
ONLASTO = 6.
ALTERNATIVELY, YOU MAY SPECIFY THAT THE
BOUNDARY CONDITION IS TO APPLY TO A LIST OF

NODES. IN THIS CASE, 'NFIRSTf = THE LENGTH OF
THE LIST, AND fNLAST = 0. 00 NOT OMIT

INLST6! YOU MUST THFN INCLUDE CARD 2.2 TO
LIST THESE NODES.

4, YOU MAY SPECIFY AN INCLUSIVE RANGE OF DoOoFoS
TO WHICH THE BOUNDARY CONDITIONS WILL BE

APPLIED BY ENTERING 'OFIRST* AND ODLASTO SUCH
THAT 0 < ODFIRSTO ' 0OLAST%, FOR EXAMPLE, TO
SET DISPLACEMENT OF D.O.F.S 2, 3, 4, 5, AND 6

TO THE VALUE OF #FASTEN# ON CARD 2.1, 'OFIRSTO

= 2 AND OLASTO = 6.
ALTERNATIVELY, YOU MAY SPECIFY THAT THE

BOUNDARY CONDITION IS TO APPLY TO A LIST OF
DOF.S, IN THIS CASE, OFIRSTO = T4E LENGTH

OF THE LIST, AND OLASTO = 0, OR IS OMITTED.
YOU MUST THEN INCLUDF CARO 2.3 TO LIST THESE

D0ooF.S,

5. INCLUDE THIS CARO IF, AND ONLY IF, A LIST OF

NODES IS TO BE SPECIFIED! ONLASTO = 0 ON CARD

2.1.

6o IF THE LIST LENGTH IS GREATER THAN 16, CONTINUE
THE LISTING ON ADDITIONAL CARD 2,2fS

IMMEDIATFLY FOLLOWING, UNTIL THE LIST IS

SATISFIEDe THE MAXIMUM LIST LENGTH PERMITTED

IS 128.
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7. INCLUDE THIS CARD IF9 AND ONLY IF, A LIST OF
OeO.FeS IS TO BE SPECIFIEDt DLASTO 0 ON CARD
2.1.

8. IF THE LIST LENGTH IS GREATER THAN 16, CONTINUE
THE LISTING ON ADDITIONAL CARD 2e3fS
IMMEDIATELY FOLLowING, UNTIL THE LIST IS
SATISFIED. THE MAXIMUM LIST LENGTH PERMITTED
IS 128.
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13o'.2 CONCENTRATED LOADS

CONCENTRATED LOADS ARE LOADS SPECIFIED AT NODES; THESE
KRE TYPICALLY FORCES AND MOMENTS. NOTE THAT NODE LOADS FOR
AXISYMMETRIC ELEMENTS ARE ACTUALLY LOADS ON A
SIRCUMFERENTIAL LINE AND THE VALUE INPUT SHOULD BE THE
INTEGRAL OF THE LOAD AROUND THE CIRCUMFERENCE OF THE MODEL*

CONCENTRATED LOADS ARE OPTIONAL INPUT, THIS BLOCK MAY
BE SELECTED ONLY ONCE PER SUBSTRUCTURE*

DATA
NOTES TYPE VAPIABLE

CARD i

(1) A SUBSDRC "CONCENTRATFO LOADS"

(2) CARD 2

I NODE NUMBER OF THE NODE TO BE
LOADED

R XLOAD(I) LOAD IN DIRECTION OF
D.O.F, t

R XLOAD(2) LOAD IN DIRECTION OF

(3) R XLOAD(NDOF) LOAD IN DIRECTION OF
OO.Fo #NDOF* FREEDOM AT
THE NODE.
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NOTES$

1, THIS DIRECTIVE MAY BE ABBREVIATED TO THE FIRST
4 CHARACTERS, I.E., -CONC"

2, IF THE LIST LENGTH IS GREATE4, THAN T, CONTINUE
THE LISTING ON ADDITIONAL CARD 20S IMMEDIATELY
FOLLOWING, UNTIL THE LIST IS SATISFIFC, THE
MAXIMUM LIST LENGTH PERMITTED IS 128. THE
CONCENTRATED LOADS FOR ALL DEGREES OF FREEDOM
MUST BE GIVEN ON A SINGLE CARD(S) 2,
SUBSEQUENT INPUT OF CONCENTRATED LOADS FOR THE
SAME NODE WILL OVERWRITE ANY PREVIOUS VALUES
ENTERED*

3. THE NUMBER OF DEGREES OF FREEDOM AT A NODE
DEPENOS ON THE ELEMENTS SELECTED FORM THE
LIBRARY* #NDOF# IS THE MAXIMUM OF THE NUMBER
OF DEGREES OF FREEDOM OF THE ELEMENTS SELECTED,
THE FOLLOWING LISTS THE NUMBER OF DEGREES OF
FREEDOM FOR EACH ELEMENT TYPE IN THE LIBRARY:

I AXISYMMETRIn SHELL 3
2 AXISYMMETRIC SOLID TRIANGLE 2
3 PLANE STRESS ISOPARAMETRIC QUAD 2
1, VACANT 0
5 BEAM COLUMN 3
6 PLANE STRAIN TRIANGLE 2
7 LINEAR ISOPARAMETRIC BRICK 3
S DOUBLY CURVED SHELL TRIANGLE 9
9 3 DIMENSIONAL TPUSS 3

10 AXISYMMETRIC SOLID QUAD 2
11 PLANE STRAIN QUAD 2
12 VACANT 0
13 OPEN SECTION BEAM 8
JL CLOSED SECTION BEAM 6
15 AXISYMMETRIC ISOPARAMETRIC SHELL 4
16 ISOPARAMETRIC BEAM 4
17 VACANT 0
18 MEMBRANE QUAD 3
1q GENERALIZED PLANE STRAIN QUAD 2
2C DOUBLY CURVED SWELL QUAD 9
21 QUADRATIC ISOPARAMETRIC BRICK 3
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1394.3 CONNECTIVITY

THE CONNECTIVITY BLOCK DESCRIBES HOW THE ELEMENTS ARE
FORMED BY THE NODES. A MAXIMUM OF 3 ELEMENT TYPES IS
PERMITTED PER ANALYSIS, EACH SEPARATE TYPE OF ELEMENT TO BE
INPUT REQUIRES A DISTINCT "CONNECTIVITY" BLOCK.

DATA
NOTES TYPE VIAPIAf9LE

(1) CARD 1.1

(2) A SUBSDRC "CONNECTIVITY"

CARD 1.2

(3) I LMNTYPE NUMBER OF THE ELEMENT IN
THE LIBRARY

CARD 1.3

(L) I NUME ELEMENT NUMBER

I NPI(tl NUMBER OF THE FIRST NODE
OF THIS ELFMENT

I NPI(2) NUMBER OF THE SECOND NODE
OF THIS ELEMENT

2 1 NPT(NNODE) THE NUMBER OF THE LAST
NODE OF THIS ELEMENT WHERE
NNOOE IS THE NUMBER OF
NODES REQUIRED TO DEFINE
THE ELEMENT.
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NOTESI

1 A SEPARATE SET OF CONNECTIVITY CARDS IS
REQUIRED FOR ELEMENT TYPE IN A SUBSTRUCTURE*

2, THIS DIRECTIVE MAY BE ABBREVIATED TO THE FIRST
'. CHARACTERS, IE., "'CONN"

3o THE NUMBER OF THE ELEMENTS IN THE LIBRARY, AND
THE NUMBER OF NODES ASSOCIATED WITH EACH NODE
OF THE ELEMENTS, ARE LISTEDI

1 AXISYMMETRIC SHELL 2
2 AXISYMMETRIC SOLID TRIANGLE 3
3 PLANE STRESS ISUPARAMETRIC QUAD 4
4 VACANT 0
5 REAM COLUMN 2
6 PLANE STRAIN TRIANGLE 3
7 LINEAR ISOPARAMETRIC BRICK 8
8 DOUBLY CURVED SHELL TRIANGLE 3
9 3 DIMENSIONAL TRUSS 2

tO AXISYMMETRIC SOLID QUAD 4
11 PLANE STRAIN QUAD ,
12 VACANT 0
13 OPEN SECTION BEAM 2
16 CLOSED SECTION BEAM 2
15 AXISYMMETRIC ISOPARAMETRIC SHELL 2
16 ISOPARAMETRIC BEAM 2
17 VACANT 0
18 MEMBRANE QUAD I

19 GENERALIZED PLANE STRAIN QUAD
20 DOUBLY CURVED SHELL QUAD
21 QUADRATIC ISOPARAMETRIC BRICK 2C

IF THE LIST LENGTH IS GREATER THAN 16, CONTINUE
THE LISTING ON ADDITIONAL CARD 3'S IMMEDIATELY
FOLLOWING, UNTIL THE LIST IS SATISFIFD. THE
MAXIMUM LIST LENGTH PERMITTED IS 12l.

k, THE PROGRAM READS AND THEN STORES THE ELEMENTS
IN THE PROPER NUMERICAL SEQUENCE. IT IS
THEREFORE POSSIBLE, AND IN SOME CASES,
MANDATORY, THAT ELEMENTS BE READ OUT OF
NUMERICAL SEQUENCE, BE CAREFUL, HOWEVER, TO
ENTER DATA IN A ONSISTENT MANNER TO ALLOW EASY
INTERPRETATION LATER.
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13.4,4 COORDINATES

COORDINATES DEFINE THE GEOMETRY OF THE ELEMENTS BY
SIVING THE LOCATION IN SPACE OF THE NODES* IN SOME CASES*
COORDINATES ARE USSD TO DEFINE THE SHAPE OF A SURFACE
'PHROUGH THE USE OF DIPECTIONAL DERIVATIVES AT A NODE. IN
SENERAL9 YOU WILL WISH TO INPUT A SEPARATE COORDINATES BLOCK
FOO EACH DISTINCT LIHiRAPY ELEMENT TYPE IN THE SUBSTRUCTURE
WECAUSE EACH TYPE WILL USUALLY HAVE A DIFFERENT NUMBER OF
COORDINATES PER MODE,

OAT A
NOTES TYPE VARIABLE

(1) CARD £01

(2) A SUPSORC "COORDINATES"

CARD 1.2

I LMNTYPE ELEMENT TYPE TO WHICH THIS
NODE BELONGS

(3) CAR3 1.3

I NODE NUMBER OF THIS NODE

(Li) R X(19NOOE) FIRST COORDINATE OF @NODE@

R X(29NOOF) SECOND COORDINATE OF

(5) R X(N,MODE) LAST COORDINATE OF 'NODE#
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NOTES:

1. REPEAT THIS CARD SET UNTIL ALL OF THE

COOR'IINATES FOR A SURSTRUCTURE HAVE BEEN
ENTERED*

2e THIS DIRECTIVE MAY BE ABBREVIATED TO THE FIRST
4 C4ARACTERS, IE., "COOP"

3, CARD(S) 1.3 IS REPEATED U4TIL ALL THE
COORDINATES FOR ELEMENTS OF TYPE @LMNTYPER HAVE
BEFN ENTERED.

49 THE NUMBER OF COORDINATES REQUIRED TO BE READ
FOP EACH NODE DEPENDS ON THE ELEMENT TYPE AS
LISTEnD:

I AXISYMMETRIC SHELL 2

2 AXISYMMETRIC SOLID TRIANGLE 2
3 PLANE STRESS ISOPARAMETRIC QUAD 2
L VACANT r
5 BEAM COLUMN 2
6 PLANE STRAIN TRIANGLE 2
7 LINEAR ISOPARAMETRIC BRICK 3
8 DOUBLY CURVED SHELL TRIANGLE 11

9 3 DIMENSIONAL TRUSS 3
Ir AXISYMMETRIC SOLID QUAD 2
11 PLANE STRAIN QUAD 2

12 VACANT c
13 OPEN SECTION BEAM 13
1L CLOSED SECTION BEAM 3
15 AXISYMMETRIC ISOPARAMETRIC SHELL 5
16 ISOPARAMETRIC BEAM 5
17 VACANT C
18 MEMBRANE QUAD 3
ig GENERALIZED PLANE STRAIN QUAD 2
20 DOUBLY CURVED SHELL QUAD 11
21 QUADRATIC ISOPARAMETRIC BRICK 3

THE DEFAULT VALUE OF ANY COORDINATE NOT READ IS
O, NOTE THAT PROGRAMS 'BFAMXf AND ISHELLX# ARE
AVAILABLE AS COORDINATE GENERATORS FOR ELEMENT
TYPES 8, 13, AND 20s

5. IF THE LIST LENGTH IS GREATER THAN 7, CONTINUE
THE LISTING ON ADDITIONAL CARD 1.3'S

236



OWtABSO INPUT
SUB6STRUCTURE MOOEL~TNG COORDINATES

IMMEDIATELY FOLLOWING, UNTIL THE LIST IS
SATISFIED. THE MAXIMUM LIST LENGTH PERMITTED
IS 128o
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13.4.; DISTR1~3UTED LOADS

OISTRIBJTEO LOADS ARE LOADS WHICH EFFECT ENTIRE
ELEMENTS, AS OPPOSED TO LOADS WHICH ACT ONLY AT NODES&
1IHESE LOADS ARE TYPICALLY PRESSURE LOADS, BODY FORCE LOADS,
6R4vrTY LOADS, ETC. FOR THE SIGN CONVENTIONS WHICH RELATE
rO LOAD DIRECTION, SEE THE ELEMENT DESCRIPTION.

THE DISTRIBUTSO LOADS BLOCK MAY BE SELECTED ONLY ONCE
PER SUBSTRUCTURE.

DATA
NOTES TYPE VAPIABLE

CARO I

(1) A S1JBSORC 'DISTRIBUTED LOADS"

(21 CARD 291

R DISTL VALUE OF THE DISTRIBUTED
LOAD

(3) 1 TYPE TYPE OF DISTRIBUTED LOAD

CARD 2.2

(4) 1 LFIRST FIRST ELEMENT TO BE
LOADED, OR, NUMBER OF
ELEMENTS TO BE RFAD FPOM
CARD 2. 3

0. I LLAST LAST ELEMENT TO BE LOADED,
ORO BLANK.
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(5) CARD 2.3 -ELEMENT LIST-

I LUt) FIRST ELEMENT TO BE LOADED

I L(2) SECOND ELEMENT TO BE
LOADED

(6) 1 L(LFIRST) LAST ELEMENT TO BE LOADED

NOTESI

le THIS DIRECTIVE MAY BE ABBREVIATED TO THE FIRST
4 CHARACTERS, I.E., "DIST"

2. THIS CARD SET IS REPEATED UNTIL ALL THE
DISTRIBUTED LOADS FOR A SUBSTRUCTURE HAVE BEEN
ENTERED.

3. THE TYPES OF DISTRIBUTED LOADS PERMISSIBLE WITH
EACH ELEMENT TYPE ARE OFTAILED IN THE ELEMENT
DESCRIPTIONS*

4, YOU MAY SPECIFY AN INCLUSIVE RANGE OF ELEMENTS
TO WHICH THE DISTRIBUTED LOADS WILL BE APPLIED
BY ENTFRING @LFIRST' AND OLLASTO SUCH THAT 0 <
#LFIRSTO' < LLASTN , FOR EXAMPLE, TO APPLY THE
LOAD OISTLf TO ELEMENTS 2, 3, 4, 5, AND 6,
ILFIRSTO = 2 AND OLLASTO = 6o
ALTERNATIVELY, YOU MAY SPECIFY THAT THE
DISTRIBUTED LOAD IS TO APPLY TO A LIST OF
ELEMENTS. IN THIS CASE, fLFIRST8 = THE LENGTH
OF THE LIST, AND @LLAST6 = 0, OR BLANK. YOU
MUST THEN INCLUDE CARD 2.3 TO LIST THESE
ELEMENTS,

5. OMIT THIS CARD IF ALL THE ELEMENTS LFIPST

THROUGH LLAST INCLUSIVE ARE TO BE LOADED.
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6@ IF THE LIST LENGTH TS GREATER THAN £6, CONTINUE
THE LISTING ON ADDITIONAL CARD 2,30S
IMMEDIATELY FOLLOWING, UNTIL THE LIST IS
SATISFIED, THE t0AXIMUM LIST LENGTH PERMITTED
IS 128,
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13.4.6 EDGE NODES

EDGE NODES ARE THOSE NODES WHICH LIE ON THE EDGES OF
SUBSTRUCTURES, THESE NODES SERVE TO CONNECT THE
SUBSTRUCTURES. IT IS NOT PERMITTED TO PUT @TIED# NODES INTO
'PHIS LIST OF EDGE NODES; THEY MUST BE #RETAINED' NODES, OR
MODES WHICH ARE NOT INVOLVED WITH TIES. NOTE THAT THE EDGE
RODES MAY BE INPUT IN ANY ORDER AS THE PROGRAM AUTOMATICALLY
SORTS THEN WE RECOMMEND THAT YOU PROCEED NEATLY AND
MONSISTENTLY, HOWEVER.

THE EDGE NODE BLOCK MAY BE INPUT ONLY ONCE PER
SU3STRUCTURE,

DATA
NOTES TYPE VARIABLE

CARD I

(1) A SURSDRC "EDGE NODES"

(2) CARD 2

I N1 FIRST EDGE NODE

I N2 SECOND EDGE NODE

9

0

I NLAST LAST EDGE NODE
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NOTES 3

1. THIS DIRECTIVE 41AY BE ABBREVIATED TO THE FIRST
4. CHARACTERS, I.E.,p "EDGE"

2. IF THE NUMBER OF EDGE NODES EXCEEDS 16,
CONTINUE LISTING ON ADDITIONAL CARD 20S UNTIL
ALL EDGE NODES HAVE BEEN ENTERED* THE MAXIMUM
LIST LENGTH IS 128.
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13,9,7 GEOMETRY

THE GEOMETRY BLOCK IS REQUIRED INPUT FOR SEVERAL

NLEMENTS. THOSE ELEMENTS ARE SO NOTED IN THE ELEMENT

DESCRIPTIONS,

THE GEOMETRY BLOCK ALLOWS INPUT FOR SEVERAL

MISCELLANEOUS PARAMETERS. THESE INCLUDEi ELEMENT THICKNESS

FOR SHELLS, THE BEAM CROSS SECTION NUMBER TO BE EMPLOYED,
BTC.

THE GEOMETRY BLOCK MAY BE INPUT ONLY ONCE PER
SU3STRUCTURE,

DATA
NOTES TYPE VARIABLE

CARD I

(1) A SUBSDRC "GEOMETRYO"

(2) CARD 2.1

(3) R EGEOMI GEOMETRY PARAMETER 1

R EGEOM2 GEOMETRY PARAMETER 2

R EGEOM3 GEOMETRY PARAMETER 3
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CARO 292

(4) 1 LFIRST FIRST ELEMENT TO BE
DESCRIBED, OR, NUMBER OF
ELEMENTS TO BE READ FROM
CARD 2. 3

(4) I LLAST LAST ELEMENT TO BE
DESCRIBED

(5) CMR 2.3 -ELEMENT LIST-

I L(i) FIRST ELEMENT TO BE
DESCRIBED

I L(21 SECOND ELEMENT TO BE
DESCRIBED

(6) I L(LFIRSTJ LAST ELEMENT TO BE
DESCRIBED

NOTES$3

Le THIS DIPECTIVE MAY BE ABBREVIATED TO THE FIRST
4 CHARACTERS, I.E., 'GEOM"

2. REPEAT THIS CARD SET UNTIL ALL THE "GEOMETRY"
INPUT FOR A SUBSTRUCTURE HAS BEEN ENTERED.

3. EACH 'EGEOMI9 *EGEOM2,q AND fEGEOM3# DEFAULT
TO I* IF AN ELEMENT REQUIRES ONLY OEGEOM209
YOU MUST ENTER BOTH NEGEOMif AND #EGEOM2#o

k. YOU MAY SPECIFY AN INCLUSIVE RANGE OF ELEMENTS
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TO WHICH THE GEOMETPY WILL 9E APPLIED BE
ENTERING *LFIPSr* AND ILLAST' SUCH THAT 0 <
OIFIRSTO <LLASTOO FOR EXAMPLE9 TO SET THE
GFOMETRY PAPAMETERS FOP ELEMENTS 2, 39 4, 59
AND 6,, OLFIRSTO z 2 AND OLLASTf = 6
ALTERNATIVELY, YOU MAY SPECIFY THAT THE
GE04FTRY IS TO APPLY To A LIST OF ELEMENTS. IN
THIS CASE, fiLFIPST' = THE LENGTH OF THE LISTp
AND fLLASTO = l OR BLANK* YOU MUST THEN
INCLUDE CARD 2.3 TO LIST THESE ELEMENrSe

5. OMIT THIS CARD IF ALL THE ELEMENTS OLFIRSTO
THROUGH OLLASTR ARE TO BE DESCRIBED,

60 IF THE LIST LENGTH IS GREATER THAN 16, CONTINUE
THE LISTING ON ADDITIONAL CARD 2.3'S
imm~FlIATFLY FOLLOWING, UNTIL THE LIST is
SATISFIED. THF MAXIMUM LIST LENGTH PFRMITTED
IS 128o
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i3.4*8 PROPEPTY

THE PROPERTY 'RLOCK SPECIFIES THE LINEAR FLASTIC MATERIAL
FFPGPERTIES OF ELEMENTS. PROPERTIES MUST BE SPECIFIED FOR
ALL ELEMENTS*

THE PR3PERTY 'LOCK. MAY BF ENTERED ONCE PER SUBSTRUCTURE.

DATA
NOTES TYPE VARIARLE

CARD 1

(1) A SURSDRC 'PROPERTYO

CARD 2.1

(2) R F YOUNGOS MOnULUS

(3) R NU POTSSON*S RATIO

(1) R SIGSTAR YIELD STRENGTH

CARD 2.2

(c) I LFIRST FIRST ELEMENT TO BE
DESCRIBED, OR, NUMBER OF
ELEMENTS To BE READ FPOM
CARD 29 3

(F) I LIAST LAST ELEMFNT TO BE
DESCRIBED, OR, BLANK*
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(6) CARD 2.3 -ELEMENT LIST-

I Lill FIRST ELEMENT TO BE
DESCRIBED

I L(21 SECOND ELEMENT TO BE
DESCRIBED

(7) 1 L(LFIRST) LAST ELEMENT TO BE

DESCRIBED

NOTES I

to THIS DIRECTIVE MAY BE ABBPEVIATED TO THE FIPST
L. C4ARACTERS, I.E., "PROP"

2. YOUNGOS MODULUS MUST BE A POSITIVE NUMBER*

3. POTSSONOS RATION MUST SATISFY 0 < NU c0.5

4e SIGSTAR DEFAULT VALUF IS isE10

5. YOU MAY SPECIFY AN INCLUSIVE RANGE OF ELEMENTS
TO WHICH THE PROPERTIES WILL BE APPLIED BY
FNTEPING OLFIRSTO AND OLLASTO SUCH4 THAT C <
#LFIRSTOc 0LIASTf. FOR EXAMPLE, TO SET THE
PROPERTIES OF ELEMENTS 2, 3, 4, 5, AND 69
ILFIRSTI = 2 AND OLLASTO = 6.
ALTERNATIVELY, YOU MAY SPECIFY THAT THE
PROPERTIES ARE TO APPLY TO A LIST OF ELEMENTS.
IN THIS CASE, eLFIRSTe THE LENGTH OF THE
LIST, AND OLLASTO z 0. YOU MUST THEN INCLUDE
CARD 2.3 TO LIST THESE ELEMENTS.

6e OMIT THIS CARD IF ALL THE ELEMENTS LFIRST
THROUGH LLAST INCLUSIVE ARE TO BE DESCRIBED.
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7. IF THE LIST LENGTH IS GREATER THAN 16t CONTINUE
THF LISTING ON ADDITIONAL CARD 293fS
IMMEDIATELY FOLLOWING, UNTIL THE LIST IS
SATISFIED. THE MAXIMUM LIST LENGTH PERMITTED
IS t~go
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134o TIES

THE TIES BLOCK PERMITS ENTRY OF CONSTRAINTS BETWEEN
NOiES. THIS DIFFERS FROM BOUNDARY CONDITIONS IN THAT THE
RODUNOARY C0O1ITIONS SPECIFY CONSTRAINTS BETWEEN NOIDES AND
TH-- EXTERIOR OF THE STRUCTURE* THE TIES BLOCK ALSO ALLOWS
YOU TO JOIN ELEMENTS OF DIFFERENT TYPES.

THE DATA INPUT IN THE TIES BLOCK REQUIRES #TYING TYPES*
BATA 3E INPUT IN THE LIBRARY BLOCK.

A SEPARATE TIES BLOCK IS REQUIRED FOR EACH TYING TYPE
US70 IN THE SUBSTRUCTURE.

DATA
NOTES TYPE VAPIARLE

(1) CARD I

A SU9SDRC "TIES4

CAR3 2

(2) I NTYTYP TYING TYPE NUMBER

CARD 3

(3) 1 TIEDNODlE NUMBER OF THIS TIED NODE

I PETNOOEtI) FIRST RETAINED NODE

I PETNOOE (2) SECOND RETAINEDn NODE

U) I PETNODE(NRFT3 LAST RETAINED NODE
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NOTES$

I* THIS CARD SET IS REPEATED UNTIL ALL THE TIES OF
A DISTINCT TYING TYPE HAVE BEEN ENTERED. THE
TYING TYPES AVAILABLE ARE AS FOLLOWS

A TYING TYPE ON' WHICH IS LESS THAN THE MAXIMUM
NUMBER OF DEGREES OF FREEDOM ONDOF" IN THE
ANALYSIS CONSTRAINS nEGREE OF FREEDOM 'N' AT
THE TIED NODE TO BE EQUAL TO THE DISPLACEMENT
OF tDvSFo 'N' OF THE RETAINED NODE*

A TY1N: TYPE #N' WHICH IS GREATER THAN ONDOFO
AND NOT EQUAL TO ANY OF THE SPECIAL TYPES
AVAILABLE BELOW CONSTRAINS ALL DOF.S AT THE
TIED NODE TO ALL THE O,OFS AT THE RETAINED
NODE.

A TYING TYPE < 0 INDICATES THAT THE USER HAS
ESTABLISHED A SPECIAL TYING TYPE. THE PROGPAM
WILL AUTOMATICALLY CALL THE SPECIAL SURROUTINE
NUFORMS" TO PERFORM THE TYING CALCULATIONS*

TYPE 18 JOINS TOGE'fHER BUNDARIES OF
INTEPSECTING SHELL ELEMENTS (8 & 201 WHICH LIE

ON DIFFERENT SURFACES. AN EXAMPLE OF THIS
WOULD BE A SPHERE-CYLINDER JUNCTION. THE TIED

NODE MUST ALSO BE ENTERED AS A DETAINED NODE.
THTS IS A FULL MOMENT CARRYING JOINT.

TYPE 19 JOINS A NODE OF BEAM ELEMENT 13 TO A
NODE OF A DOUBLY CURVED SHELL ELEMENT (ELEMENT
TYPES 8 & 20)o TWO RETAINED NODES ARE
REQUIRED, BOTH OF WHICH ARE SHELL NODES AND
WHICH LIE ALONG ONE OF THE CURVATURE DIRECTIONS

OF THE SHELL.

TYPE 23 JOINS AN AXISYMMETRIC SOLID ELEMENT TO
AN AXISYMMETPIC SHELL ELEMENT (ELEMENT TYPE 11)

BOTH TIED AND RETAINED NODES MUST BE
TRANSFORMED TO LOCAL COORDINATES,
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TYPE 28 IS SIMILAR TO TYPE 18, BUT IS A PINNED
CONNECTION, RATHER THAN MOMENT CARRYING.

TYPE 701 TIES A NODE OF A LINEAR BRICK (TYPE 7)
TO THE FACE OF ANOTHER LINEAR BRICK. THE
RETAINED NODES ARE THE 4 CORNER NODES OF THE
BRICK FACE TO WHICH THE NODE IS TIED,

2. DATA IN THE TIES BLOCK IS PHYSICALLY FAR
REMOVED FROM THE LIBRARY BLOCK (WHICI CONTAINS
THE TYING TYPE DATA),IT IS EASIER TO MAKE A
MISTAKE HERE THAN ELSEWHERE, PLEASE CHECK THAT
THE LIBRARY BLOCK HAS BEEN USED TO SELECT THE
PROPER TYING TYPES!

3. CARD 3 IS REPEATED AS OFTEN AS NECESSARY TO
ENTER ALL THE TIES OF THIS PARTICULAR TYPE.
NOTE THAT IN SOME TYING TYPES, SOME TIED NODES
MUST ALSO BE ENTERED IN THE RETAINED LIST.

4o NRET IS THE NUMBER OF RETAINED NODES AS FNTERED
IN THE LIBRARY BLOCK $TYING TYPES#. IF THE
LIST LENGTH IS GREATER THAN 16, CONTINUE THE
LISTING ON ADDITIONAL CARD 3'S IMMEDIATELY
FOLLOWING, UNTI.. THE LIST IS SATISFIED. THE
MAXIMUM LIST LENGTH PERMITTED IS 128.
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13.5 INTERSIJBSTRUCTUPE CONNECTIVITY

EACH SUBSTRUCTURE MAY BE THOUGHT OF AS A LARGE OR SUPER

EL7TMENTe EACH 3F THESE SUPER ELEMENTS MUST BE CONNECTED TO

r'4Ez APPROPRIATE NOnES OF THE OTHER SUPER ELE.MENTS IN THE

ANALYSIS* THIS FUNCTION Is PERFORMED THRU THE

rNTERSU8STRJCTURE CONNECTIVITY ARPAY, HEREAFTER REFERRED TO

AS THE O1S'V ARPAY.

THIS ARRAY IS ORGANIZED WITH COLUMNS NUMBERED FOR THE

SU9STRUCTURES AND THE ROWS NU4BERED FOP EACH CONNECTION.

THE ISC ARRAY IS REQUIRED INPUT*

DATA
NOTES TYPE VARIABLE

CARD 1

A 'AIN"RIC -INTERSUBSTRUCTURE
CONNECTIVITY"

CARD 2

A ISCf)pC "RE AD"

CAR') 3

1 NROWS NUMPFR OF ROWS IN THE
fISC' ARRAY

252



*WABSf INPUT
INTERSUBSTRUCTURE CONNECTIVITY ('ISC)l

(1) CARD '491

(2) 1 155 NUMBER OF THE
SUBSTRUCTURE, THIS is
IDENTICAL TO THE COLUMN

NLJMRER OF THE ARRAY.

I IROWS NUMBER OF ROWS TO BE READ
FROM CARD 492

1 IFIRST sISC ARRAY ROW NUMBER
INTO WHICH THE FIRST TERM
APPEARING ON CARD 4.2 IS
TO BE ENTERED

CARO 4s2

(3) 1 ISC(IFIRSTISS) EDGE NODE NUMBER, OR ZERO

(3) I isccrIRST4~15qISS) EDGE NOD-- NUMBER* OR ZERO

(") CARD 5

A ISCORC GEN 0"

NOTES U

Lo CAPOS 4.1 AND 4.2 ARE REPEATED AS A SET UNTIL
TH.E FNTIRE fISC# ARRAY HAS BEEN READ. IF, ON

CARD 4.1, fIROWSf D, 16v THEN CARD 4o2 WILL
EXTEND To MORE THAN ONE CARD. NOTE THAT LONG
STRINGS OF ZEROES MAY BE AVOIDED BY SPECIFYING
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CARDS 41 AND 4.2 TO READ IN ONLY NONZERO 11SCI
TERMS. IN FACT, TAKEN TO THE LIMIT, ONE COULD
READ IN A SET OF CARDS FOR EACH NONZERO TERM IN
THE 'ISCO ARRAY,

2. 'ISS' IS THE NUMBER OF THE SU9STRUCTURE. THUS,
THF ENTRY OF THE DATA MAY BE DONE IN ANY OROER;
IT NEED NOT BE ENTERED IN NUMERICAL ORDER*
NUMERICAL ORDER IS RECOMMENDED, HOWEVER,
BECAUSE IT HELPS YOU KEEP TRACK OF YOUR INPUT.

3s THE TOTAL NUMBER OF NISCO ENTRIES MUST BE
'IROWS' FROM CARD 4.i THUS, IF fIROWSf 3 £6,
CAPD 4.2 MUST BE REPEATED, A MAXIMUM OF 16
#ISC@ ENTRIES PER CARD, UNTIL 'IRONS' IS
SATISFIED.

4. OPTIONAL CARD. RECOMMENDED FOR NEATNESS.
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13,6 ANALYSIS DIRECTIVES

THE ANALYSIS DIRECTIVES DESCRIBE THE PROBLEM AND
XNALYSIS PROCEDURES TO SUBSTRC. THIS IS AN OPTIONAL BLOCK.
ANY OR ALL OF THE DIRFCTIVES IN THIS BLOCK MAY BE COMBINED
rN ANY ANALYSIS.

DATA
NOTES TYPE VARIABLE

(1) CARD 1

A MAINORC "ANALYSIS DIRECTIVES"

(2) CARD 2.1

(3) A ANALDRC "ALL POINTS"

(a-) CARD 2o2

(5) A ANALDRC "CENTER POINTS"

(6) CARD 2.3

(7) A ANALORC "ISOTROPIC HARDENING"
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CARD 2,4

(8) A ANALORC "KINEMATI HARDENING'

CARD 2.5

(9) A ANALORC "LARGE DISPLACEMENT"

(10) CARD 2.6

(1) A ANALORC "SMALL DISPLACEMENT"

NOTESS

is ANY OF THE ANALYSIS DIRECTIVES MAY BE
ABBREVIATED TO THE FIRST L CHARACTERS.

2, ANY CARD OF THIS BLOCK MAY BE SELECTED FOP AN
ANALVIS. SOME DIRECTIVES CANCEL THE EFFECTS OF
OTHEPS.

3. THIS DIRECTIVE SELECTS EVALUATION AND PRINTING
OF STRESSES AT ALL OF THE ELEMENT INTEGRATION
POINTS. THIS OPTION IS ALSO AUTOMATICALLY
SELECTED BY THE "LARGE DISPLACEMENT" OPTION,
IT IS TO FE USED FOR NONLINEAR ANALYIS. AND
WHEN A MORE COMPLETE PICTURE OF THE ELEMENT
STRESS DISTRIBUTION IS DESIRED,

4. THIS IS THE PROGRAM DEFAULT. THIS DIRECTIVE
CANCELS 9ALL POINTS". THIS DIRECTIVE SELECTS
EVALUATION AND PRINTING OF STRESSES AT A SINGLE
INTEGRATION POINT IN EACH ELEMENT. THE POINT
USED IS THE FIRST INTEGRATION POINT OF THE
ELEMENT, WHICH USUALLY LIES AT THE CENTROID OF
THE ELEMENT, BUT WHICH VARIES DEPENDING ON THE
ELEMENT. PLEASE CHECK THE ELEMENT DESCRIPTIONS
FOP THE LOCATIONS OF THE ELEMENT INTEGRATION
POINTS.
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5. THIS IS THE PROGRAM DEFAULT* THIS iOIRECTIVE
CANCFLS "KINEMATIC HARDENING,. THIS DIRECTIVE
SELECTS ISOTROPIC HARDENING AS THE RULE FOR
NON-LINEAR MATERIAL BEHAVIOR*

6o THIS DIRFCTIVIE LANCELS "ISOTROPIC HARDENING~s
THIS DIRECTIVE THIS DIRECTIVE SELECTS KINEMATIC
HARDENING AS THE PULE FOR NON-LINEAR MATERIAL
BEHAVIOR.

7s. THIS DIRECTIVE CANCFLS "SMALL DISPLACEMENT"*
THIS DIRECTIVE SELECTS THE USE OF HIGHER ORDER
TEPMS IN THE FINITE ELEMENT APPROXIMATION TO
THE DISPLACEMENT FUNCTION. IT SHOULD BE USED
FOP NON-LINEAR ANALYSIS,

8. THIS IS THE PROGRAM DEFAULT. THIS DIRECTIVE
CANCIFLS "LARGE DISPLACEMENT.s THIS DIRECTIVE
SELTCTS ONLY THE FIRST ORDER APPROXIMATION TO
THF FINITE ELEMENT DISPLACEMENT Ft)NCTION,
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1 37 SEAM CROSS SECTION DEFINITIONS

THIS OPTIONAL BLOCK PERMITS THE INPUT OF ELEMENT 13
rODEN SECTION BEAM ELEMENT) CROSS SFCTION PROPERTIES,

DATA
NOTES TYPE VAPrIABLE

CARD 1

(1) A MAINDRC "BEAM CROSS SECTIONS"

(2) CARD 2.1

(3) 1 BFAMNSR NUMBER OF THE BEAM CPOSS
SECTION

(4) A CARD LABELING OF THIS CPOSS

SECTION

CARD 2o?

(5) 1 NRRANCH NUMBFR OF BRANCHES TO
DEFINE THE CROSS SECTION.

I NDIV(i) THE (EVEN) NUMBER OF
DIVISIONS IN THE FIPST
BRANCH*

I NOTV(2) THE (EVEN) NUMBER OF
DIVISIONS IN TH4E SECOND
BRANCH.
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I NOIV(NBRANCH) THE (EVEN) NUMBER OF
DIVISIONS IN THP LAST
RRANCH.

CARD 2.3

(6) R xi THE CROSS SECTION x
COORDINATE AT THE
BEGINNING OF THE BRANCH.

(6) R VI THE CROSS SECTION V
COORDINATE AT THE
BEGINNING OF THE BRANCH.

D Xi DERIVATIVE OF x WITH
RESPECT TO S (ARC LENGTH$
AT THE BEGINNING OF THE
BRANCH*

R DVi DFRIVATIVE OF y WITH
RESPFCT TO S AT THE
BEGINNING OF THE BRANCH.

lz X2 THE CROSS SECTION K
COORDINATE AT THE ThND OF
THE BRANCH.

R Y2 THE CROSS SECTION V
COORDINATE AT THE END OF
THE 8RANCH.

Q DX2 DERIVATIVE OF K WITH
RESPECT TO S AT END OF THE
BRANCH.o

R DY2 DFRIVATIVE OF Y WITH
RESPECT TO S Ar END OF THE
8PANCHe
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CARD 2,4

R RRLONG LENGTH OF THE BRANCH.

R Ti THICKNESS OF THE BRANCH AT
THE BEGINNING OF THE
BRANCH.

(7) R T2 THICKNESS AT THE END OF
THE BRANCH.

(8) CARD 3

A MAINDRC "END'"

NOTES:

I. ALL OF THE DIRECTIVES MAY BE ABBREVIATED TO THE
FIRST 4 CHARACTERS.

2. CARD SET 2 IS REPEATED UNTIL ALL THE BEAM CROSS
SECTION DESCRIPTIONS HAVE BEEN ENTERED.

3. BEA4 CROSS SECTIONS ARE ASSOCIATED WITH A
UNIIUE USER-DEFINED CROSS SECTION IDENTIFIER
NBFAMNBROO *BEAMNBR# IS REFERRED TO THROUGH
PARAMETER NEGEOM2@ OF THE "GEOMETRY" BLOCK IN
THE APPROPRIATE SUBSTRUCTURES. THESE MUST BE
NUMBERED CONSECUTIVELY (NO OMISSIONS!$ AND
INPUT IN NUMERICAL ORDER.

4o THE LABEL HERE IS PRIMARILY FOR YOUR OWN
REFERENCE, AS SUBSTRC MERELY READS THIS AND
PRINTS IT. IT SHOULD BE INFORMATION WHICH WILL
HELP YOU REMEMBER WHAT YOU ARE DOING IN THIS
ANALYSIS.

5. #NBRANCHO CONTROLS THE NUMBER OF CARDS 2.3 AND
2.0, TO BE READ IN THIS CROSS SECTION
DESCRIPTION. THE MAXIMUM VALUE ONBRANCHN MAY
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ASSUMPE IS 15o NOTE THAT THE TOTAL NUMBER OF
DIVISIONS (THE sum OF NIV(iI THRU
NDMINBRANCHO) MUST BE EVEN, AND LESS THAN OR
EQUAL TO 30.

6. Xi AND Yi NEED BE SPECIFIED ONLY ONCE (ON THE
FIRST CARD 2.3), AS EACH SUCCESIVE BRANCH MUST
START FROM THE END OF THE PREVIOUS BRANCH.
SUC'PSSIVE CARD 293#S CONTAIN ONLY THE 6
ENTRIES: DXI, DYit X29 Y2, OX2, DY2.

7. T2 DEFAULTS TO Ti IF IT IS LEFT BLANK*

go OPTIONAL CARD. RECOMMENDED FOR NEATNESS.
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13.8 LOADING HISTORY

THESE OPTIONAL DATA CONTROL THE APPLICATION OF LOAD TO

1r E MATHEMATICAL MODEL AFTER THE INITIAL L3ADING.

D0MA
NOTES TYPE VAPIABLE

(1) CARO 1

A MAI40RC "LOADING HISTORY"

(2) CARD 2.1

A LOADOIC "PROPORTIONAL INCREMENT"

CARD 2.2

(31 R FACTO MULTIPLIER OF THE PREVIOUS

LOAD INCREMENT

NOTESt

1. ALL OF THE DIRECTIVES MAY BE ABRREVIATED TO THE
FIPST 4 CHARACTERS.

2. THIS CARD SET IS REPEATED AS OFTEN AS NECESSARY
TO COMPLETELY DEFINE THE LOADING HISTORY OF THE
PRO9LEM.

3. SAY THE DESIRED LOADING SCHEDULE IS 1000, 20CO,

21009 2125. THE INPUT OATA TO PRODUCE THIS
LOADING HISTORY REQUIRES THAT THE INITIAL LOAD

3E APPLIED IN THE APPROPRIATE SUBSTRUCTURES
THFU THE USE OF EITHER OISTRIBUTEO OR
CONCENTRATED LOADS, AND THE FOLLOWING INPUT BE
PROVIDED IN THE LOADING HISTORY BLOCKI
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PROP
1. 0
PROP
0.1i
PROP
0. 25

LETTING #LOAD If INDICATE THE LOAD VALUE AT
STEP I AND #DELLOAD Is AS THE LOAD INCREMENT
FROw, 'LOAD If TO *LOAD 1+1% WE S4OW THAT THE
PRU~qAM USE-S VALUES OF OFACTOO T3 INCREASE THE
LOAD LEVELS AS FOLLOUS1

LOADI DELLOADI 100OC

L0402 =LOADI + FACTO*OELLOAO1I
- 100 + ( ioc'iooo
-2000

DELLOAM32 -~FACTO0 DELLOADt = .1 * 1000 = 100
LOAD3 =LOAO2 + OELLOAD2 =2000 + 100 = 2100

DELLOAD3 =FACTO *OELLOAO2 = *25 * 10 = 25
LOAO4 L 1A03 + DELLOAD3 = 2100 + 25 = 2125
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[3.9 SOLUTION DIRECTIVES

THIS BLOCK OF INFORMATION ALLOWS YOU TO DIRECT THE
SOLUTION OF THE PROBLEM. THIS IS AN OPTIONAL BLOCK; FOP A
SMALL*' ANALYSIS (ONE IN WHICH THE ENTIRE PROBLEM CAN BE RUN

AT ONE TIME), THIS BLOCK MAY NOT NECESSARY.

THE FOLLOWING IS A LIST OF THE AVAILABLE DIRECTIVES IN
TI SOLUTION DIRECTIVES BLOCK,

GO (DEFAULT)
NOGO
GOERRORS
DECOMPOSITION
EDGE NODES
RELAXATION
RESTAPT

DATA
N4OTES TYPE VAP'tABLE

(1) CARD I

A MAINDRC "SOLUTION DIRECTIVES"

CARD 2

(2) A SOLuORC '.
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CARD 3

(3) A SOLUORC "NOGO"

CARD U'

(I.) A SOLUORC "GOERRORS"

(5) CARD 5.1

(61 A SOLUDRC "DECOMPOSE"

(7) CARD 5.2

A SOLLJDRC EOGE NODES'

(8) CARO Fo3

A SOLUORC "RELAXATION"

(9) CARD 6

A SOLtJDRC "RESTART"

NOTESS

I* ALL OF THE SOLUTION DIRECTIVES MAY BE
ABBREVIATED TO THE FIRST L CHARACTERS*

2. EXECUTE THE ANALYSIS.

3. STOP AFTER CHECKING THE DATA - THIS OPTION IS
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PRP4AOILY USED IN UPDATING AND MODIFYING THE
PROGRAM, AND IN CHECKING THE DATA,

4, PERMITS SOLUTION TO CONTINUE EVEN THOUGH THEPE

ARE INPUT EPRORS, FXERCISE CAUTION WHEN USING

THIS OPTION,

5. SELECTION OF ANY CARD IN CAPD SET 5 EXCLUDES
THF USE OF ANY OTHEP CARD IN SET 5. CAFD SET 5

AND CARD 6 APE ALSO MUTUALLY EXCLUSIVE,

6, THIS DIRECTIVE SIGNALS THAT A SU8 STRUC TUE
STIFFNESS MATRIX IS TO BF DECOMPOSED WITH ALL
THE EDGE NODS CONSTRAINED (COMPLETELY FIXED!.

7. ANALYZE THE STIFFNFSS OF THE EDGE NODES CNLY.

i, PELAX THE CONSTRAINTS OF COMPLETF FIXITY ON THE
SUqSTRUCTJPE BOPDERS, PACK SUBSTITUTe, AND
PRIN4T ALL THE REQUIRED OUTPUT,

9. PESTAT A NONLINEAR ANALYSIS FROM A PREVIOUS
CONDITION. USE OF THIS OPTION IS MUTUALLY
EXCLUSIVE WITH ANY OPTION IN CARD SET 5.

266



A NONLINEAR EXAMPLE

CHAPTER 14

A NONLINEAR EXAMPLE

14.1 INIRODUCTION

NOTE: 1 in. = 2.54 cm
1 psi = 6.895 x 10 Pa
1 pound = 0.453 kg

Preparing data for a nonlinear analysis is similar to doing it for a "one shot"

linear analysis. All of the tools for data generation are applicable. If plasticity

is anticipated, additional work involves input of a uniaxial material curve. The

most difficult task is specifying load increments and picking a tolerance ratio for

resulting incremental displacements. Until the user has sufficient experience with

a class of problems, it will be necessary to input different tolerances and different

load step sizes to determine the solution's sensitivity to such variations.

A general word of caution is appropriate here. A grid work that produces per-

fectly good linear results may not be fine enough to model the nonlinear behavior

of a structure. This is because the linear solution might have displacements that

vary gradually with respect to position on the surface. A relatively coarse grid

pattern could adequately model such behavior. The nonlinear solution, however,

might have displacements that vary rapidly with respect to position on the surface.

A finer grid must model this. An example of such a situation is a pressure loaded,

axisymmetric cylinder. In a linear analysis the radial displacement would not

vary going around the circumference; whereas for a nonlinear analysis a multiwave

displacement pattern could develop, requiring more elements in the circumferential

direction.

14.2 MATHEMATICAL MODEL

14.2.1 Physical Data

We choose to model a circular ring of radius 20.0 in., width 2.6 in. and thick-

ness 0.4 in. Young's Modulus and Poisson's ratio were taken as 3E07 psi and 0.3

respectively. This particular model was treated earlier in {JONES77} using the

triangular shell element 8. Here the 2-dimensional beam element 16 is used.
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The ring is known to deform elaztically in two waves around the circumference.

The buckling pressure P is given by:

P = 3EI/R
3

where E, I, and R are Young's Modulus, cross section moment of inertia, and the

centroidal radius, respectively. For this model P = 60 psi. For the material non-

linearity a hypothetical work hardening curve was used that takes effect at a pro-

portional limit stress of 2400 psi. The material curve is shown in Figure 14.1.

14.2.2 Modeling Considerations

A sketch of the model is shown in Figure 14.2. The anticipated buckling pattern

allowed the modeling of only 90 deg of the ring. Symmetry boundary conditions were

imposed on the nodes at 0 and 90 deg. Element type 16 has four degrees of freedom

per node. The boundary conditions imposed were one displacement and one rotation

set equal to zero at each of the ends.

The model was divided into two substructures of 45 deg, each containing three

elements.

Two methods have been successfully employed to perturb an axisymmetric model out

of an axisymmetric deflection pattern: kicker loads and imperfect geometry. The

first method, which was used in this example, is to apply a small, concentrated

radial load at one point. The load used here was 0.340E-05 pounds applied in the

negative Y direction to node one of substructure one. At the same time a small

initial pressure load of 0.10E-02 psi was applied to the whole structure. Note that

both loads are increased when Lhe Proportional Increment option is used. The program

applies the initial loads linearly. For all subsequent load steps higher order terms

are included in the displacement equations. For this reason the initial loading is

always small, to "turn on" the nonlinear analysis as soon as possible.

The second method of perturbation involves making slight changes to the coordi-

nates of tite "perfect" model. If all possible mode shapes are included in the

coordinate perturbation, the model will not be artificially forced into a particular
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mode. It was reported in {JONES77} that imposing a four wave mode shape on this

model prevented the model from buckling in the critical two wave modes and forced it

into the four wave modes with a pressure of 300 psi.

14.3 INPUT TO "SUBSTRC"

The extreme simplicity of this model rade it possible to generate all of the

data manually.

14.4 CASES RUN

In a nonlinear analysis, at each load step incremental displacements are

estimated prior to an analysis and calculated at the end of the analysis. The user

must specify for a particular monitored degree of freedom how close those two dis-

placemcntc must be, using the input tolerance ratio FRCTOL. For example, a FRCTOL

of 1.05 corresponds to a tolerance of five percent. The tolerance ratio is dis-

cussed in {JONES73} and {JONES77}. It should be kept in mind that FRCTOL is applied

to incremental displacement not to total displacement. It is an imprecise measure

of accuracy because it compares current incremental displacement only with the pre-

vious estimate, not with the "actual" value. Thus a chosen FRCTOL of 1.05, for

example, does not mean that incremental displacements are guaranteed to be within

five percent of the "actual" value (where the "actual" value could be defined as the

value achieved with FRCTOL of 1.0). It only means that tolerance will be considered
th

satisfied when the incremental displacement for the n iteration is within five
th

perce.-L of that calculated for the (n-l) iteration.

Data for this model was run a total of four times. For the first two runs the

proportional limit stress was set high to keep the analysis elastic. For the first

run the tolerance ratio for the monitored displacement, FRCTOL, was set to 1.2. For

the second run it was tightened to 1.01 to see how sensitive the results were.

Figure 14.3 shows a plot of monitored displacement, radial under the perturbing load,

versus applied pressure. As the displacements became more nonlinear, the difference

in displacements for the two cases became more pronounced. However, in both cases

there was a sharp change in slope between 56 and 59.5 psi indicating approaching
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buckling. Thus if a predicted buckling pressure was the result sought, the looser

tolerance was acceptable. It should be noted that for a buckling analysis, unless

the user has previous experience with a particular type of structure, he shouldn't

be satisfied with a single run.

Cases 3 and 4 were run with a proportional limit stress of 2400 psi. The work

hardening option was selected for the material curve in Figure 14.1. The looser

displacement tolerance of 1.2 was used because it seemed satisfactory for the elastic

case. The only difference between cases 3 and 4 was that the load increments were

half as large for case 4. Points plotted in Figure 14.3 represent load steps.

Plasticity was reached in the load step from 45.5 psi to 49 psi. For a ring every

element becomes plastic at the same time. There is no way to redistribute the load

to lower stressed areas and the ring here consequently buckled at about 51 psi.

Note that the step sizes are considerably smaller for the two plastic c es than

for the elastic cases. In general this is necessary because of the path dependency

of the plastic behavior of materials. The user will have to determine the sensitivi-

ty of his model to load step size.

The cost of running case three at current rates, using priority two, was $17.10.

This was for nine successful load steps and a total of twenty iterations.

14.5 MISCELLANEOUS OBSERVATIONS

Experience with this and other models has led to several observations that may

save the user time and expense:

1. It is advantageous to have some a priori knowledge of the buckling shape of

the model. This allows modeling a fraction of the structure and applying symmetry

boundary conditions to one or more edges. It also helps the user to decide the

number and distribution of elements required to accurately model the anticipated

shape. For example, if an axisymmetric cyliT:der is expected to buckle in two circum-

ferential waves, only a ninety degree segment must be modeled. Symmetry boundary

conditions are then applied along the zero and ninety degree generators. The num3er

of elements required in the ninety degree segment would of course depend on the

element type used. It appears that for element type 20, six elements give the proper

buckling load while three elements will give a buckling load about five percent

higher.
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2. During a nonlinear analysis the program currently monitors the displacement

at a degree of freedom specified by the user, always in the first substructure.

During the early loading, when the response is essentially linear, the monitored

node will displace in one direction. However, when the model starts to assume a

buckled shape, that node may very well start to displace in the opposite direction.

For example, initially a uniform ring will displace radially inward at all

points when subjected to pressure loading. As a two wave buckling pattern starts to

form, the incremental displacements for some points will continue to be radial inward

but other points will start to move outward. If one of these latter points is being

monitored, the convergence will be relatively slow at the load step where the incre-

mental displacement changes sign. Therefore, to avoid needless iterations, if

possible choose to monitor a degree of freedom whose displacement does not change

sign as a buckling pattern develops.

3. It appears, from experience to data, that the nonlinear buckling analysis

of cylindrical shells requires the perturbing influence of either small point loads

or small coordinate modifications. It was initially supposed that the nonaxisym-

metric deflection induced in the shell by attached nonaxisymmetric internal structure

would be enough to produce nonlinearity, and then buckling, but such was not the

Lase. It was not until the shell coordinates were perturbed that the expected

response was produced.
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Figure 14.1 - Material Curve for Nonlinear Example
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